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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a highly reliable 
semiconductor light emitting element having good emission 
characteristics and a long lifetime, a highly reliable 
semiconductor element having good characteristics and a long 
lifetime. 

SOLUTION: At the time of fabricating a semiconductor light 
emitting element or a semiconductor element by growing a 
nitride based IH-V compound semiconductor layer for forming a 
light emitting element structure or an element structure on the 
major surface of a nitride based III— V compound semiconductor 
substrate 1 where a plurality of second regions B having a 
second mean dislocation density higher than a first mean 
dislocation density are arranged regularly in a first region A of 
the crystal having the first mean dislocation density, the nitride 
based HI-V compound semiconductor layer is prevented from 
coming into direct contact with the second region B on the 
major surface of the nitride based III— V compound 

semiconductor substrate. .<.. ^ rPii 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st average dislocation density The nitride system group-III-V-semiconducter layer in 
which two or more 2nd fields which have the 2nd average dislocation density higher than the average 
dislocation density of the above 1st all over the 1st field which consists of a crystal which it has form 
light emitting device structure on the principal plane of the nitride system group-III-V-semiconducter 
substrate arranged regularly It is the manufacture approach of a semi-conductor light emitting device of 
having manufactured the semi-conductor light emitting device by making it growing up. The manufacture 
approach of the semi-conductor light emitting device characterized by making it the above-mentioned 
nitride system group-III-V-semiconducter layer not contact the 2nd field of the above, and directly on 
the principal plane of the above-mentioned nitride system group-III-V-semiconducter substrate. 
[Claim 2] The manufacture approach of the semi-conductor light emitting device according to claim 1 
characterized by removing the 2nd field of the above from the principal plane of the above-mentioned 
nitride system group-III-V-semiconducter substrate in part at least before growing up the above- 
mentioned nitride system group-III-V-semiconducter layer. 

[Claim 3] The manufacture approach of the semi-conductor light emitting device according to claim 2 
characterized by removing the 2nd field of the above from the principal plane of the above-mentioned 
nitride system group-III-V-semiconducter substrate by predetermined Mr. Fukashi before growing up 
the above-mentioned nitride system group-III-V-semiconducter layer. 

[Claim 4] The above-mentioned predetermined depth is the manufacture approach of the semi- 
conductor light emitting device according to claim 3 characterized by being 1 micrometers or more. 
[Claim 5] The above-mentioned predetermined depth is the manufacture approach of the semi- 
conductor light emitting device according to claim 3 characterized by being 10 micrometers or more. 
[Claim 6] The manufacture approach of the semi-conductor light emitting device according to claim 2 
characterized by all removing the 2nd field of the above before growing up the above-mentioned nitride 
system group-III-V-semiconducter layer. 

[Claim 7] The manufacture approach of the semi-conductor light emitting device according to claim 2 
characterized by removing the 2nd field of the above by etching. 

[Claim 8] The above-mentioned etching is the manufacture approach of the semi-conductor light 
emitting device according to claim 7 characterized by being wet etching. 

[Claim 9] The above-mentioned etching is the manufacture approach of the semi-conductor light 
emitting device according to claim 7 characterized by being dry etching. 

[Claim 10] The above-mentioned etching is the manufacture approach of the semi-conductor light 
emitting device according to claim 7 characterized by being thermochemistry etching. 
[Claim 1 1] The manufacture approach of the semi-conductor light emitting device according to claim 1 
characterized by covering the front face of the 2nd field of the above by the enveloping layer before 
growing up the above-mentioned nitride system group-III-V-semiconducter layer. 

[Claim 12] The manufacture approach of the semi-conductor light emitting device according to claim 11 
characterized by removing the 2nd field of the above from the principal plane of the above-mentioned 
nitride system group-III-V-semiconducter substrate by predetermined Mr. Fukashi. 

[Claim 13] The manufacture approach of the semi-conductor light emitting device according to claim 12 
characterized by the part from which the 2nd field of the above was removed being buried by the 
above-mentioned enveloping layer. 

[Claim 1 4] The front face of the above-mentioned enveloping layer is the manufacture approach of the 
semi-conductor light emitting device according to claim 1 1 characterized by being in a location higher 
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than the principal plane of the above-mentioned nitride system group-III-V-semiconducter substrate. 

[Claim 15] The front face of the above-mentioned enveloping layer is the manufacture approach of the 

semi-conductor light emitting device according to claim 1 1 characterized by being in agreement with the 

principal plane of the above-mentioned nitride system group-III-V-semiconducter substrate. 

[Claim 1 6] Two or more 2nd fields of the above are the manufacture approaches of the semi-conductor 

light emitting device according to claim 1 characterized by having arranged periodically. 

[Claim 1 7] Two or more 2nd fields of the above are the manufacture approaches of the semi-conductor 

light emitting device according to claim 1 characterized by having arranged periodically in the shape of a 

hexagonal lattice. 

[Claim 18] Two or more 2nd fields of the above are the manufacture approaches of the semi-conductor 
light emitting device according to claim 1 characterized by having arranged periodically in the shape of a 
rectangle grid. 

[Claim 1 9] Two or more 2nd fields of the above are the manufacture approaches of the semi-conductor 
light emitting device according to claim 1 characterized by having arranged periodically in the shape of a 
tetragonal lattice. 

[Claim 20] Spacing of the 2nd two field of the above which ac(joins mutually is the manufacture approach 
of the semi-conductor light emitting device according to claim 1 characterized by being 20 micrometers 
or more. 

[Claim 21] Spacing of the 2nd two field of the above which acjjoins mutually is the manufacture approach 
of the semi-conductor light emitting device according to claim 1 characterized by being 50 micrometers 
or more. 

[Claim 22] Spacing of the 2nd two field of the above which adjoins mutually is the manufacture approach 
of the semi-conductor light emitting device according to claim 1 characterized by being 100 
micrometers or more. 

[Claim 23] The array period of the 2nd field of the above is the manufacture approach of the semi- 
conductor light emitting device according to claim 16 characterized by being 20 micrometers or more. 
[Claim 24] The array period of the 2nd field of the above is the manufacture approach of the semi- 
conductor light emitting device according to claim 16 characterized by being 50 micrometers or more. 
[Claim 25] The array period of the 2nd field of the above is the manufacture approach of the semi- 
conductor light emitting device according to claim 16 characterized by being 100 micrometers or more. 
[Claim 26] The 2nd field of the above is the manufacture approach of the semi-conductor light emitting 
device according to claim 1 characterized by having an indeterminate multiple column-like configuration. 

[Claim 27] The manufacture approach of the semi-conductor light emitting device according to claim 1 
characterized by preparing the 3rd field which has the 3rd average dislocation density lower than, the 
average dislocation density of the above 2nd mpre highly than the average dislocation density of the 
above 1 st between the 1 st field of the above, and the 2nd field of the above. 

[Claim 28] The manufacture approach of the semi-conductor light emitting device according to claim 27 
characterized by making it the above-mentioned nitride system group-III-V-semiconducter layer not 
contact the 2nd field of the above and the 3rd field of the above, and directly on the principal plane of 
the above-mentioned nitride system group-III-V-semiconducter substrate. 

[Claim 29] The manufacture approach of the semi-conductor light emitting device according to claim 28 
characterized by removing the 2nd field of the above, and the 3rd field of the above from the principal 
plane of the above-mentioned nitride system group-III-V-semiconducter substrate in part at least 
before growing up the above-mentioned nitride system group-III-V-semiconducter layer. 
[Claim 30] The diameter of the 2nd field of the above is the manufacture approach of the semi- 
conductor light emitting device according to claim 1 characterized by 1 0-micrometer or more being 100 
micrometers or less. 

[Claim 31] The diameter of the 2nd field of the above is the manufacture approach of the semi- 
conductor light emitting device according to claim 1 characterized by 20-micrometer or more being 50 
micrometers or less. 

[Claim 32] The diameter of the 3rd field of the above is the manufacture approach of the semi- 
conductor light emitting device according to claim 27 characterized by 20-micrometer or more thing 
large 200 micrometers or less from the diameter of the 2nd field of the above. 
[Claim 33] The diameter of the 3rd field of the above is the manufacture approach of the semi- 
conductor light emitting device according to claim 27 characterized by 40-micrometer or more thing 
large 1 60 micrometers or less from the diameter of the 2nd field of the above. 
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[Claim 34] The diameter of the 3rd field of the above is the manufacture approach of the semi- 
conductor light emitting device according to claim 27 characterized by 60-micrometer or more thing 
1 large 140 micrometers or less from the diameter of the 2nd field of the above. 

[Claim 35] The average dislocation density of the 2nd field of the above is the manufacture approach of 
the semi-conductor light emitting device according to claim 1 characterized by being 5 or more times of 
the average dislocation density of the 1 st field of the above. 

[Claim 36] The average dislocation density of the 2nd field of the above is the manufacture approach of 
the semi-conductor light emitting device according to claim 1 characterized by being more than 1x108 
cm-2. 

[Claim 37] For the average dislocation density of less than [ 2x106 cm-2 ] and the 2nd field of the 
above, the average dislocation density of the 1 st field of the above is the manufacture approach of the 
semi-conductor light emitting device according to claim 1 characterized by being more than 1x108 cm- 
2. 

[Claim 38] For the average dislocation density of less than [ 2x106 cm-2 ] and the 2nd field of the 
above, the average dislocation density of the 1 st field of the above is [ the average dislocation density 
of more than 1x108 cm-2 and the 3rd field of the above ] the manufacture approach of the semi- 
conductor light emitting device according to claim 27 characterized by being smaller than 1x108 cm-2 
and being larger than 2x106 cm-2. 

[Claim 39] The above-mentioned nitride system group-III-V-semiconducter substrate is the 
manufacture approach of the semi-conductor light emitting device according to claim 1 characterized by 
consisting of AIX ByGa1-x-y-z Inz Asu N1-u-v Pv (however, 0<=x<=1, 0<=y<=1, 0<=z<=1, 0<=u<=1, 
0<= v <=1 f 0 <=x+y+z<1, 0 <=u+v<1). 

[Claim 40] The above-mentioned nitride system group-III-V-semiconducter substrate is the 
manufacture approach of the semi-conductor light emitting device according to claim 1 characterized by 
consisting of AIX ByGa1-x-y-z Inz N (however, 0<=x<=1, 0<=y<=1, 0<=z<=1, 0 <=x+y+z<1). 
[Claim 41] The above-mentioned nitride system group-III-V-semiconducter substrate is the 
manufacture approach of the semi-conductor light emitting device according to claim 1 characterized by 
consisting of AIX Ga1-x-z Inz N (however, 0<=x<=1, 0<=z<=1). 

[Claim 42] The above-mentioned nitride system group-III-V-semiconducter substrate is the 
manufacture approach of the semi-conductor light emitting device according to claim 1 characterized by 
consisting of GaN. 

[Claim 43] The above-mentioned semi-conductor light emitting device is the manufacture approach of 
the semi-conductor light emitting device according to claim 1 characterized by being semiconductor 
laser. 

[Claim 44] The above-mentioned semi-conductor light emitting device is the manufacture approach of 

the semi-conductor light emitting device according to claim 1 characterized by being light emitting 

diode. 

[Claim 45] The 1st average defect density The nitride system group-III-V-semiconducter layer in which 
two or more 2nd fields which have the 2nd average defect density higher than the average defect 
density of the above 1st all over the 1st field which consists of a crystal which it has form light emitting 
device structure on the principal plane of the nitride system group-III-V-semiconducter substrate 
arranged regularly It is the manufacture approach of a semi-conductor light emitting device of having 
manufactured the semi-conductor light emitting device by making it growing up. The manufacture 
approach of the semi-conductor light emitting device characterized by making it the above-mentioned 
nitride system group-III-V-semiconducter layer not contact the 2nd field of the above, and directly on 
the principal plane of the above-mentioned nitride system group-III-V-semiconducter substrate. 
[Claim 46] By growing up the nitride system group-III-V-semiconducter layer which forms light emitting 
device structure on the principal plane of the nitride system group-III-V-semiconducter substrate which 
two or more 2nd fields where crystallinity is worse than this 1 st field have arranged regularly all over the 
1st field which consists of a crystal The manufacture approach of the semi-conductor light emitting 
device which is the manufacture approach of a semi-conductor light emitting device of having 
manufactured the semi-conductor light emitting device, and is characterized by making it the above- 
mentioned nitride system group-III-V-semiconducter layer not contact the 2nd field of the above, and 
directly on the principal plane of the above-mentioned nitride system group-III-V-semiconducter 
substrate. 

[Claim 47] It is the manufacture approach of the semi-conductor light emitting device according to claim 
46 characterized by for the 1st field of the above being a single crystal, and intermingling a single 
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crystal, polycrystal, amorphous substances, or 2 or more [ these ], as for the 2nd field of the above. 
[Claim 48] The 1st average dislocation density The nitride system group-IH-V-semiconducter layer in 
which two or more 2nd fields which have the 2nd average dislocation density higher than the average 
dislocation density of the above 1st all over the 1st field which consists of a crystal which it has form 
component structure on the principal plane of the nitride system group-III-V-semiconducter substrate 
arranged regularly It is the manufacture approach of a semiconductor device of having manufactured the 
semiconductor device by making it growing up. The manufacture approach of the semiconductor device 
characterized by making it the above-mentioned nitride system group-III-V-semiconducter layer not 
contact the 2nd field of the above, and directly on the principal plane of the above-mentioned nitride 
system group-III-V-semiconducter substrate. 

[Claim 49] The above-mentioned semiconductor device is the manufacture approach of the 
semiconductor device according to claim 48 characterized by being a light emitting device. 
[Claim 50] The above-mentioned semiconductor device is the manufacture approach of the 
semiconductor device according to claim 48 characterized by being a photo detector. 
[Claim 51] The above-mentioned semiconductor device is the manufacture approach of the 
semiconductor device according to claim 48 characterized by being an electronic transit component. 
[Claim 52] The 1st average defect density The nitride system group-III-V-semiconducter layer in which 
two or more 2nd fields which have the 2nd average defect density higher than the average defect 
density of the above 1 st all over the 1 st field which consists of a crystal which it has form component 
structure on the principal plane of the nitride system group-III-V-semiconducter substrate arranged 
regularly It is the manufacture approach of a semiconductor device of having manufactured the 
semiconductor device by making it growing up. The manufacture approach of the semiconductor device 
characterized by making it the above-mentioned nitride system group-III-V-semiconducter layer not 
contact the 2nd field of the above, and directly on the principal plane of the above-mentioned nitride 
system group-III-V-semiconducter substrate. 

[Claim 53] By growing up the nitride system group-III-V-semiconducter layer which forms component 
structure on the principal plane of the nitride system group-III-V-semiconducter substrate which two or 
more 2nd fields where crystallinity is worse than this 1st field have arranged regularly all over the 1st 
field which consists of a crystal The manufacture approach of the semiconductor device which is the 
manufacture approach of a semiconductor device of having manufactured the semiconductor device, 
and is characterized by making it the above-mentioned nitride system group-III-V-semiconducter layer 
not contact the 2nd field of the above, and directly on the principal plane of the above-mentioned 
nitride system group-III-V-semiconducter substrate. 

[Claim 54] By growing up the semi-conductor layer in which two or more 2nd fields which have the 2nd 
average dislocation density higher than the average dislocation density of the above 1st all over the 1st 
field which consists of a crystal which has the 1st average dislocation density form light emitting device 
structure on the principal plane of the semi-conductor substrate arranged regularly The manufacture 
approach of the semi-conductor light emitting device which is the manufacture approach of a semi- 
conductor light emitting device of having manufactured the semi-conductor light emitting device, and is 
characterized by making it the above-mentioned semi-conductor layer not contact the 2nd field of the 
above, and directly on the principal plane of the above-mentioned semi-conductor substrate. 
[Claim 55] By growing up the semi-conductor layer in which two or more 2nd fields which have the 2nd 
average defect density higher than the average defect density of the above 1st all over the 1st field 
which consists of a crystal which has the 1st average defect density form light emitting device structure 
on the principal plane of the semi-conductor substrate arranged regularly The manufacture approach of 
the semi-conductor light emitting device which is the manufacture approach of a semi-conductor light 
emitting device of having manufactured the semi-conductor light emitting device, and is characterized 
by making it the above-mentioned semi-conductor layer not contact the 2nd field of the above, and 
directly on the principal plane of the above-mentioned semi-conductor substrate. 
[Claim 56] It is the manufacture approach of a semi-conductor light emitting device of having 
manufactured the semi-conductor light emitting device by growing up the semi-conductor layer which 
forms light emitting device structure on the principal plane of the semi-conductor substrate which two 
or more 2nd fields where crystallinity is worse than this 1st field have arranged regularly all over the 1st 
field which consists of a crystal. The manufacture approach of the semi-conductor light emitting device 
characterized by making it the above-mentioned semi-conductor layer not contact the 2nd field of the 
above, and directly on the principal plane of the above-mentioned semi-conductor substrate. 
[Claim 57] By growing up the semi-conductor layer in which two or more 2nd fields which have the 2nd 
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average dislocation density higher than the average dislocation density of the above 1st all over the 1st 
field which consists of a crystal which has the 1st average dislocation density form component 
structure on the principal plane of the semi-conductor substrate arranged regularly The manufacture 
approach of the semiconductor device which is the manufacture approach of a semiconductor device of 
having manufactured the semiconductor device, and is characterized by making it the above-mentioned 
semi-conductor layer not contact the 2nd field of the above, and directly on the principal plane of the 
above-mentioned semi-conductor substrate. 

[Claim 58] By growing up the semi-conductor layer in which two or more 2nd fields which have the 2nd 
average defect density higher than the average defect density of the above 1st all over the 1st field 
which consists of a crystal which has the 1 st average defect density form component structure on the 
principal plane of the semi-conductor substrate arranged regularly The manufacture approach of the 
semiconductor device which is the manufacture approach of a semiconductor device of having 
manufactured the semiconductor device, and is characterized by making it the above-mentioned semi- 
conductor layer not contact the 2nd field of the above, and directly on the principal plane of the above- 
mentioned semi-conductor substrate. 

[Claim 59] It is the manufacture approach of a semiconductor device of having manufactured the 
semiconductor device by growing up the semi-conductor layer which forms component structure on the 
principal plane of the semi-conductor substrate which two or more 2nd fields where crystallinity is 
worse than this 1st field have arranged regularly all over the 1st field which consists of a crystal. The 
manufacture approach of the semiconductor device characterized by making it the above-mentioned 
semi-conductor layer not contact the 2nd field of the above, and directly on the principal plane of the 
above-mentioned semi-conductor substrate. 

[Claim 60] By growing up the layer in which two or more 2nd fields which have the 2nd average 
dislocation density higher than the average dislocation density of the above 1 st all over the 1 st field 
which consists of a crystal which has the 1st average dislocation density form component structure on 
the principal plane of the substrate arranged regularly The manufacture approach of the component 
which is the manufacture approach of a component of having manufactured the component and is 
characterized by making it the above-mentioned layer not contact the 2nd field of the above, and 
directly on the principal plane of the above-mentioned substrate. 

[Claim 61] By growing up the layer in which two or more 2nd fields which have the 2nd average defect 
density higher than the average defect density of the above 1 st all over the 1 st field which consists of a 
crystal which has the 1 st average defect density form component structure on the principal plane of the 
substrate arranged regularly The manufacture approach of the component which is the manufacture 
approach of a component of having manufactured the component and is characterized by making it the 
above-mentioned layer not contact the 2nd field of the above, and directly on the principal plane of the 
above-mentioned substrate. 

[Claim 62] The manufacture approach of the component which is the manufacture approach of a 
component of having manufactured a component by growing up the layer which forms component 
structure on the principal plane of the substrate which two or more 2nd fields where crystallinity is 
worse than this 1st field have arranged regularly all over the 1st field which consists of a crystal, and is 
characterized by making it the above-mentioned layer not contact the 2nd field of the above, and 
directly on the principal plane of the above-mentioned substrate. 

[Claim 63] Two or more 2nd fields which have the 2nd average dislocation density higher than the 
average dislocation density of the above 1st all over the 1st field which consists of a crystal which has 
the 1st average dislocation density arrange regularly at the 1st spacing in the 1st direction. By growing 
up the nitride system group-III-V-semiconducter layer which forms light emitting device structure on 
the principal plane of the nitride system group-III-V-semiconducter substrate regularly arranged at the 
2nd spacing smaller than the 1st spacing of the above in the 1st direction of the above, and the 2nd 
direction which intersects perpendicularly The manufacture approach of the semi-conductor light 
emitting device which is the manufacture approach of a semi-conductor light emitting device of having 
manufactured the semi-conductor light emitting device, and is characterized by making it the above- 
mentioned nitride system group-III-V-semiconducter layer not contact the 2nd field of the above, and 
directly on the principal plane of the above-mentioned nitride system group-III-V-semiconducter 
substrate. 

[Claim 64] Two or more 2nd fields which have the 2nd average defect density higher than the average 
defect density of the above 1st all over the 1st field which consists of a crystal which has the 1st 
average defect density arrange regularly at the 1 st spacing in the 1 st direction. By growing up the 
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nitride system group-III-V-semiconducter layer which forms light emitting device structure on the 
principal plane of the nitride system group-III-V-semiconducter substrate regularly arranged at the 2nd 
spacing smaller than the 1 st spacing of the above in the 1 st direction of the above, and the 2nd 
direction which intersects perpendicularly The manufacture approach of the semi-conductor light 
emitting device which is the manufacture approach of a semi-conductor light emitting device of having 
manufactured the semi-conductor light emitting device, and is characterized by making it the above- 
mentioned nitride system group-III-V-semiconducter layer not contact the 2nd field of the above, and 
directly on the principal plane of the above-mentioned nitride system group-Hl-V-semiconducter 
substrate. 

[Claim 65] Two or more 2nd fields where crystallinity is worse than this 1 st field arrange regularly at the 
1st spacing in the 1st direction all over the 1st field which consists of a crystal. By growing up the 
nitride system group-III-V-semiconducter layer which forms light emitting device structure on the 
principal plane of the nitride system group-IH-V-semiconducter substrate regularly arranged at the 2nd 
spacing smaller than the 1 st spacing of the above in the 1 st direction of the above, and the 2nd 
direction which intersects perpendicularly The manufacture approach of the semi-conductor light 
emitting device which is the manufacture approach of a semi-conductor light emitting device of having 
manufactured the semi-conductor light emitting device, and is characterized by making it the above- 
mentioned nitride system group-III-V-semiconducter layer not contact the 2nd field of the above, and 
directly on the principal plane of the above-mentioned nitride system group-III-V-semiconducter 
substrate. 

[Claim 66] The 1st average dislocation density Two or more 2nd fields which extend in the shape of 
[ which has the 2nd average dislocation density higher than the average dislocation density of the above 
1st all over the 1st field which consists of a crystal which it has ] a straight line on the principal plane of 
the nitride system group-III-V-semiconducter substrate arranged regularly mutually in parallel light 
emitting device structure It is the manufacture approach of a semi-conductor light emitting device of 
having manufactured the semi-conductor light emitting device by growing up the nitride system group- 
HI-V-semiconducter layer to form. The manufacture approach of the semi-conductor light emitting 
device characterized by making it the above-mentioned nitride system group-III-V-semiconducter layer 
not contact the 2nd field of the above, and directly on the principal plane of the above-mentioned 
nitride system group-III-V-semiconducter substrate. 

[Claim 67] The 1 st average defect density Two or more 2nd fields which extend in the shape of [ which 
has the 2nd average defect density higher than the average defect density of the above 1 st all over the 
1 st field which consists of a crystal which it has ] a straight line on the principal plane of the nitride 
system group-III-V-semiconducter substrate arranged regularly mutually in parallel light emitting device 
structure It is the manufacture approach of a semi-conductor light emitting device of having 
manufactured the semi-conductor light emitting device by growing up the nitride system group-III-V- 
semiconducter layer to form. The manufacture approach of the semi-conductor light emitting device 
characterized by making it the above-mentioned nitride system group-III-V-semiconducter layer not 
contact the 2nd field of the above, and directly on the principal plane of the above-mentioned nitride 
system group-III-V-semiconducter substrate. 

[Claim 68] The nitride system group-III-V-semiconducter layer in which two or more 2nd fields where 
crystallinity extends in the shape of [ bad ] a straight line from this 1 st field all over the 1 st field which 
consists of a crystal form light emitting device structure on the principal plane of the nitride system 
group-III-V-semiconducter substrate arranged regularly mutually in parallel It is the manufacture 
approach of a semi-conductor light emitting device of having manufactured the semi-conductor light 
emitting device by making it growing up. The manufacture approach of the semi-conductor light emitting 
device characterized by making it the above-mentioned nitride system group-III-V-semiconducter layer 
not contact the 2nd field of the above, and directly on the principal plane of the above-mentioned 
nitride system group-III-V-semiconducter substrate. 

[Claim 69] Two or more 2nd fields which have the 2nd average dislocation density higher than the 
average dislocation density of the above 1st all over the 1st field which consists of a crystal which has 
the 1st average dislocation density arrange regularly at the 1st spacing in the 1st direction. By growing 
up the nitride system group-III-V-semiconducter layer which forms component structure on the 
principal plane of the nitride system group-III-V-semiconducter substrate regularly arranged at the 2nd 
spacing smaller than the 1st spacing of the above in the 1st direction of the above, and the 2nd 
direction which intersects perpendicularly The manufacture approach of the semiconductor device 
which is the manufacture approach of a semiconductor device of having manufactured the 
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semiconductor device, and is characterized by making it the above-mentioned nitride system group-III- 
V-semiconducter layer not contact the 2nd field of the above, and directly on the principal plane of the 
above-mentioned nitride system group-III-V-semiconducter substrate. 

[Claim 70] Two or more 2nd fields which have the 2nd average defect density higher than the average 
defect density of the above 1st all over the 1st field which consists of a crystal which has the 1st 
average defect density arrange regularly at the 1st spacing in the 1st direction. By growing up the 
nitride system group-III-V-semiconducter layer which forms component structure on the principal plane 
of the nitride system group-HI-V-semiconducter substrate regularly arranged at the 2nd spacing smaller 
than the 1st spacing of the above in the 1st direction of the above, and the 2nd direction which 
intersects perpendicularly The manufacture approach of the semiconductor device which is the 
manufacture approach of a semiconductor device of having manufactured the semiconductor device, 
and is characterized by making it the above-mentioned nitride system group-III-V-semiconducter layer 
not contact the 2nd field of the above, and directly on the principal plane of the above-mentioned 
nitride system group-III-V-semiconducter substrate. 

[Claim 71] Two or more 2nd fields where crystallinity is worse than this 1st field arrange regularly at the 
1st spacing in the 1st direction all over the 1st field which consists of a crystal. By growing up the 
nitride system group-III-V-semiconducter layer which forms component structure on the principal plane 
of the nitride system group-III-V-semiconducter substrate regularly arranged at the 2nd spacing smaller 
than the 1st spacing of the above in the 1st direction of the above, and the 2nd direction which 
intersects perpendicularly The manufacture approach of the semiconductor device which is the 
manufacture approach of a semiconductor device of having manufactured the semiconductor device, 
and is characterized by making it the above-mentioned nitride system group-III-V-semiconducter layer 
not contact the 2nd field of the above, and directly on the principal plane of the above-mentioned 
nitride system group-III-V-semiconducter substrate. 

[Claim 72] The 1st average dislocation density Two or more 2nd fields which extend in the shape of 
[ which has the 2nd average dislocation density higher than the average dislocation density of the above 
1st all over the 1st field which consists of a crystal which it has ] a straight line on the principal plane of 
the nitride system group-III-V-semiconducter substrate arranged regularly mutually in parallel 
component structure It is the manufacture approach of a semiconductor device of having manufactured 
the semiconductor device by growing up the nitride system group-III-V-semiconducter layer to form. 
The manufacture approach of the semiconductor device characterized by making it the above- 
mentioned nitride system group-III-V-semiconducter layer not contact the 2nd field of the above, and 
directly on the principal plane of the above-mentioned nitride system group-III-V-semiconducter 
substrate. 

[Claim 73] The 1st average defect density Two or more 2nd fields which extend in the shape of [ which 
has the 2nd average defect density higher than the average defect density of the above 1st all over the 
1st field which consists of a crystal which it has ] a straight line on the principal plane of the nitride 
system group-III-V-semiconducter substrate arranged regularly mutually in parallel component structure 
It is the manufacture approach of a semiconductor device of having manufactured the semiconductor 
device by growing up the nitride system group-III-V-semiconducter layer to form. The manufacture 
approach of the semiconductor device characterized by making it the above-mentioned nitride system 
group-III-V-semiconducter layer not contact the 2nd field of the above, and directly on the principal 
plane of the above-mentioned nitride system group-III-V-semiconducter substrate. 
[Claim 74] The nitride system group-III-V-semiconducter layer in which two or more 2nd fields where 
crystallinity extends in the shape of [ bad ] a straight line from this 1st field all over the 1st field which 
consists of a crystal form component structure on the principal plane of the nitride system group-III-V- 
semiconducter substrate arranged regularly mutually in parallel It is the manufacture approach of a 
semiconductor device of having manufactured the semiconductor device by making it growing up. The 
manufacture approach of the semiconductor device characterized by making it the above-mentioned 
nitride system group-III-V-semiconducter layer not contact the 2nd field of the above, and directly on 
the principal plane of the above-mentioned nitride system group-III-V-semiconducter substrate. 
[Claim 75] Two or more 2nd fields which have the 2nd average dislocation density higher than the 
average dislocation density of the above 1st all over the 1st field which consists of a crystal which has 
the 1 st average dislocation density arrange regularly at the 1 st spacing in the 1 st direction. It is the 
manufacture approach of a semi-conductor light emitting device of having manufactured the semi- 
conductor light emitting device by growing up the semi-conductor layer which forms light emitting 
device structure on the principal plane of the semi-conductor substrate regularly arranged at the 2nd 
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spacing smaller than the 1 st spacing of the above in the 1 st direction of the above, and the 2nd 
direction which intersects perpendicularly. The manufacture approach of the semi-conductor light 
emitting device characterized by making it the above-mentioned semi-conductor layer not contact the 
2nd field of the above, and directly on the principal plane of the above-mentioned semi-conductor 
substrate. 

[Claim 76] Two or more 2nd fields which have the 2nd average defect density higher than the average 
defect density of the above 1st all over the 1st field which consists of a crystal which has the 1st 
average defect density arrange regularly at the 1st spacing in the 1st direction. It is the manufacture 
approach of a semi-conductor light emitting device of having manufactured the semi-conductor light 
emitting device by growing up the semi-conductor layer which forms light emitting device structure on 
the principal plane of the semi-conductor substrate regularly arranged at the 2nd spacing smaller than , 
the 1 st spacing of the above in the 1 st direction of the above, and the 2nd direction which intersects 
perpendicularly. The manufacture approach of the semi-conductor light emitting device characterized by 
making it the above-mentioned semi-conductor layer not contact the 2nd field of the above, and 
directly on the principal plane of the above-mentioned semi-conductor substrate. 

[Claim 77] Two or more 2nd fields where crystallinity is worse than this 1st field arrange regularly at the 
1st spacing in the 1st direction all over the 1st field which consists of a crystal. It is the manufacture 
approach of a semi-conductor light emitting device of having manufactured the semi-conductor light 
emitting device by growing up the semi-conductor layer which forms light emitting device structure on 
the principal plane of the semi-conductor substrate regularly arranged at the 2nd spacing smaller than 
the 1st spacing of the above in the 1st direction of the above, and the 2nd direction which intersects 
perpendicularly. The manufacture approach of the semi-conductor light emitting device characterized by 
making it the above-mentioned semi-conductor layer not contact the 2nd field of the above, and 
directly on the principal plane of the above-mentioned semi-conductor substrate. 

[Claim 78] The 1st average dislocation density By growing up the semi-conductor layer in which two or 
more 2nd fields which extend in the shape of [ which has the 2nd average dislocation density higher 
than the average dislocation density of the above 1st all over the 1st field which consists of a crystal 
which it has ] a straight line form light emitting device structure on the principal plane of the semi- 
conductor substrate arranged regularly mutually in parallel The manufacture approach of the semi- 
conductor light emitting device which is the manufacture approach of a semi-conductor light emitting 
device of having manufactured the semi-conductor light emitting device, and is characterized by making 
it the above-mentioned semi-conductor layer not contact the 2nd field of the above, and directly on the 
principal plane of the above-mentioned semi-conductor substrate. 

[Claim 79] The 1 st average defect density By growing up the semi-conductor layer in which two or 
more 2nd fields which extend in the shape of [ which has the 2nd average defect density higher than the 
average defect density of the above 1st all over the 1st field which consists of a crystal which it has ] a 
straight line form light emitting device structure on the principal plane of the semi-conductor substrate 
arranged regularly mutually in parallel The manufacture approach of the semi-conductor light emitting 
device which is the manufacture approach of a semi-conductor light emitting device of having 
manufactured the semi-conductor light emitting device, and is characterized by making it the above- 
mentioned semi-conductor layer not contact the 2nd field of the above, and directly on the principal 
plane of the above-mentioned semi-conductor substrate. 

[Claim 80] By growing up the semi-conductor layer in which two or more 2nd fields where crystallinity 
extends in the shape of [ bad ] a straight line from this 1st field all over the 1st field which consists of a 
crystal form light emitting device structure on the principal plane of the semi-conductor substrate 
arranged regularly mutually in parallel The manufacture approach of the semi-conductor light emitting 
device which is the manufacture approach of a semi-conductor light emitting device of having 
manufactured the semi-conductor light emitting device, and is characterized by making it the above- 
mentioned semi-conductor layer not contact the 2nd field of the above, and directly on the principal 
plane of the above-mentioned semi-conductor substrate. 

[Claim 81] Two or more 2nd fields which have the 2nd average dislocation density higher than the 
average dislocation density of the above 1st all over the 1st field which consists of a crystal which has 
the 1st average dislocation density arrange regularly at the 1st spacing in the 1st direction. It is the 
manufacture approach of a semiconductor device of having manufactured the semiconductor device by 
growing up the semi-conductor layer which forms component structure on the principal plane of the 
semi-conductor substrate regularly arranged at the 2nd spacing smaller than the 1st spacing of the 
above in the 1 st direction of the above, and the 2nd direction which intersects perpendicularly. The 
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manufacture approach of the semiconductor device characterized by making it the above-mentioned 
semi-conductor layer not contact the 2nd field of the above, and directly on the principal plane of the 
above-mentioned semi-conductor substrate. 

[Claim 82] Two or more 2nd fields which have the 2nd average defect density higher than the average 
defect density of the above 1 st all over the 1 st field which consists of a crystal which has the 1 st 
average defect density arrange regularly at the 1st spacing in the 1st direction. It is the manufacture 
approach of a semiconductor device of having manufactured the semiconductor device by growing up 
the semi-conductor layer which forms component structure on the principal plane of the semi- 
conductor substrate regularly arranged at the 2nd spacing smaller than the 1 st spacing of the above in 
the 1st direction of the above, and the 2nd direction which intersects perpendicularly. The manufacture 
approach of the semiconductor device characterized by making it the above-mentioned semi-conductor 
layer not contact the 2nd field of the above, and directly on the principal plane of the above-mentioned 
semi-conductor substrate. 

[Claim 83] Two or more 2nd fields where crystallinity is worse than this 1st field arrange regularly at the 
1st spacing in the 1st direction all over the 1st field which consists of a crystal. It is the manufacture 
approach of a semiconductor device of having manufactured the semiconductor device by growing up 
the semi-conductor layer which forms component structure on the principal plane of the semi- 
conductor substrate regularly arranged at the 2nd spacing smaller than the 1 st spacing of the above in 
the 1st direction of the above, and the 2nd direction which intersects perpendicularly. The manufacture 
approach of the semiconductor device characterized by making it the above-mentioned semi-conductor 
layer not contact the 2nd field of the above, and directly on the principal plane of the above-mentioned 
semi-conductor substrate. 

[Claim 84] The 1st average dislocation density By growing up the semi-conductor layer in which two or 
more 2nd fields which extend in the shape of [ which has the 2nd average dislocation density higher 
than the average dislocation density of the above 1 st all over the 1st field which consists of a crystal 
which it has ] a straight line form component structure on the principal plane of the semi-conductor 
substrate arranged regularly mutually in parallel The manufacture approach of the semiconductor device 
which is the manufacture approach of a semiconductor device of having manufactured the 
semiconductor device, and is characterized by making it the above-mentioned semi-conductor layer not 
contact the 2nd field of the above, and directly on the principal plane of the above-mentioned semi- 
conductor substrate. 

[Claim 85] The 1 st average defect density By growing up the semi-conductor layer in which two or 
more 2nd fields which extend in the shape of [ which has the 2nd average defect density higher than the 
average defect density of the above 1st all over the 1st field which consists of a crystal which it has ] a 
straight line form component structure on the principal plane of the semi-conductor substrate arranged 
regularly mutually in parallel The manufacture approach of the semiconductor device which is the 
manufacture approach of a semiconductor device of having manufactured the semiconductor device, 
and is characterized by making it the above-mentioned semi-conductor layer not contact the 2nd field 
of the above, and directly on the principal plane of the above-mentioned semi-conductor substrate. 
[Claim 86] By growing up the semi-conductor layer in which two or more 2nd fields where crystallinity 
extends in the shape of [ bad ] a straight line from this 1 st field all over the 1 st field which consists of a 
crystal form component structure on the principal plane of the semi-conductor substrate arranged 
regularly mutually in parallel The manufacture approach of the semiconductor device which is the 
manufacture approach of a semiconductor device of having manufactured the semiconductor device, 
and is characterized by making it the above-mentioned semi-conductor layer not contact the 2nd field 
of the above, and directly on the principal plane of the above-mentioned semi-conductor substrate. 
[Claim 87] Two or more 2nd fields which have the 2nd average dislocation density higher than the 
average dislocation density of the above 1st all over the 1st field which consists of a crystal which has 
the 1st average dislocation density arrange regularly at the 1st spacing in the 1st direction. It is the 
manufacture approach of a component of having manufactured the component by growing up the layer 
which forms component structure on the principal plane of the substrate regularly arranged at the 2nd 
spacing smaller than the 1st spacing of the above in the 1st direction of the above, and the 2nd 
direction which intersects perpendicularly. The manufacture approach of the component characterized 
by making it the above-mentioned layer not contact the 2nd field of the above, and directly on the 
principal plane of the above-mentioned substrate. 

[Claim 88] Two or more 2nd fields which have the 2nd average defect density higher than the average 
defect density of the above 1 st all over the 1 st field which consists of a crystal which has the 1 st 

http://www4.ipdl.inpit.goj 2007/06/12 



JP,2003-124573,A [CLAIMS] 



10/11 ^— V 



average defect density arrange regularly at the 1 st spacing in the 1 st direction. It is the manufacture 
approach of a component of having manufactured the component by growing up the layer which forms 
' component structure on the principal plane of the substrate regularly arranged at the 2nd spacing 
smaller than the 1st spacing of the above in the 1st direction of the above, and the 2nd direction which 
intersects perpendicularly. The manufacture approach of the component characterized by making it the 
above-mentioned layer not contact the 2nd field of the above, and directly on the principal plane of the 
above-mentioned substrate. 

[Claim 89] Two or more 2nd fields where crystallinity is worse than this 1 st field arrange regularly at the 
1 st spacing in the 1 st direction all over the 1 st field which consists of a crystal. It is the manufacture 
approach of a component of having manufactured the component by growing up the layer which forms 
component structure on the principal plane of the substrate regularly arranged at the 2nd spacing 
smaller than the 1st spacing of the above in the 1st direction of the above, and the 2nd direction which 
intersects perpendicularly. The manufacture approach of the component characterized by making it the 
above-mentioned layer not contact the 2nd field of the above, and directly on the principal plane of the 
above-mentioned substrate. 

[Claim 90] By growing up the layer in which two or more 2nd fields which extend in the shape of [ which 
has the 2nd average dislocation density higher than the average dislocation density of the above 1 st all 
over the 1st field which consists of a crystal which has the 1st average dislocation density ] a straight 
line form component structure on the principal plane of the substrate arranged regularly mutually in 
parallel The manufacture approach of the component which is the manufacture approach of a 
component of having manufactured the component and is characterized by making it the above- 
mentioned layer not contact the 2nd field of the above, and directly on the principal plane of the above- 
mentioned substrate. 

[Claim 91] By growing up the layer in which two or more 2nd fields which extend in the shape of [ which 
has the 2nd average defect density higher than the average defect density of the above 1st all over the 
1st field which consists of a crystal which has the 1st average defect density ] a straight line form 
component structure on the principal plane of the substrate arranged regularly mutually in parallel The 
manufacture approach of the component which is the manufacture approach of a component of having 
manufactured the component and is characterized by making it the above-mentioned layer not contact 
the 2nd field of the above, and directly on the principal plane of the above-mentioned substrate. 
[Claim 92] It is the manufacture approach of a component of having manufactured the component by 
growing up the layer in which two or more 2nd fields where crystallinity extends in the shape of [ bad ] a 
straight line from this 1 st field all over the 1 st field which consists of a crystal form component 
structure on the principal plane of the substrate arranged regularly mutually in parallel. The manufacture 
approach of the component characterized by making it the above-mentioned layer not contact the 2nd 
field of the above, and directly on the principal plane of the above-mentioned substrate. ^ 
[Claim 93] The 1st average dislocation density All over the 1st field which consists-of a crystal which it 
has It is the growth approach of the nitride system group-III-V-semiconducter layer it was made to 
grow up a nitride system group-III-V-semiconducter layer on the principal plane of the nitride system 
group-III-V-semiconducter substrate which has the 2nd field which has the 2nd average dislocation 
density higher than the average dislocation density of the above 1st. The growth approach of the nitride 
system group-III-V-semiconducter layer characterized by making it the above-mentioned nitride system 
group-III-V-semiconducter layer not contact the 2nd field of the above, and directly on the principal 
plane of the above-mentioned nitride system group-III-V-semiconducter substrate. 
[Claim 94] The 1st average defect density All over the 1st field which consists of a crystal which it has 
It is the growth approach of the nitride system group-III-V-semiconducter layer it was made to grow up 
a nitride system group-III-V-semiconducter layer on the principal plane of the nitride system group-III- 
V-semiconducter substrate which has the 2nd field which has the 2nd average defect density higher 
than the average defect density of the above 1st. The growth approach of the nitride system group-III- 
V-semiconducter layer characterized by making it the above-mentioned nitride system group-III-V- 
semiconducter layer not contact the 2nd field of the above, and directly on the principal plane of the 
above-mentioned nitride system group-III-V-semiconducter substrate. 

[Claim 95] The growth approach of the nitride system group-III-V-semiconducter layer which 
crystallinity is the growth approach of the nitride system group-III-V-semiconducter layer it was made 
grow up a nitride system group-III-V-semiconducter layer on the principal plane of the nitride system 
group-III-V-semiconducter substrate which has the 2nd bad field, and is characterized from this 1st 
field all over the 1st field which consists of a crystal by making it the above-mentioned nitride system 
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group-III-V-semiconducter layer not contact the 2nd field of the above, and directly on the principal 
plane of the above-mentioned nitride system group-III-V-semiconducter substrate. 
[Claim 96] It is the growth approach of a semi-conductor layer of having made it grow up a semi- 
conductor layer on the principal plane of the semi-conductor substrate which has the 2nd field which 
has the 2nd average dislocation density higher than the average dislocation density of the above 1st all 
over the 1 st field which consists of a crystal which has the 1 st average dislocation density. The growth 
approach of the semi-conductor layer characterized by making it the above-mentioned semi-conductor 
layer not contact the 2nd field of the above, and directly on the principal plane of the above-mentioned 
semi-conductor substrate. 

[Claim 97] It is the growth approach of a semi-conductor layer of having made it grow up a semi- 
conductor layer on the principal plane of the semi-conductor substrate which has the 2nd field which 
has the 2nd average defect density higher than the average defect density of the above 1st all over the 
1 st field which consists of a crystal which has the 1 st average defect density. The growth approach of 
the semi-conductor layer characterized by making it the above-mentioned semi-conductor layer not 
contact the 2nd field of the above, and directly on the principal plane of the above-mentioned semi- 
conductor substrate. 

[Claim 98] The growth approach of the semi-conductor layer which crystallinity is the growth approach 
of a semi-conductor layer of having made it grow up a semi-conductor layer on the principal plane of 
the substrate which has the 2nd bad field, and is characterized by making it the above-mentioned semi- 
conductor layer not contact the 2nd field of the above, and directly on the principal plane of the above- 
mentioned semi-conductor substrate from this 1 st field all over the 1 st field which consists of a crystal. 

[Claim 99] The growth approach of the layer characterized by being the growth approach of a layer of 
having made it grow up a layer, and making it the above-mentioned layer not contact the 2nd field of the 
above, and directly on the principal plane of the above-mentioned substrate on the principal plane of the 
substrate which has the 2nd field which has the 2nd average dislocation density higher than the average 
dislocation density of the above 1st all over the 1st field which consists of a crystal which has the 1st 
average dislocation density. 

[Claim 100] The growth approach of the layer characterized by being the growth approach of a layer of 
having made it grow up a layer, and making it the above-mentioned layer not contact the 2nd field of the 
above, and directly on the principal plane of the above-mentioned substrate on the principal plane of the 
substrate which has the 2nd field which has the 2nd average defect density higher than the average 
defect density of the above 1st all over the 1st field which consists of a crystal which has the 1st 
average defect density. 

[Claim 101] The growth approach of the layer characterized by crystallinity being the growth approach 
of a layer of having made it grow up a layer on the principal plane of the substrate which has the 2nd 
bad field, and making it the above-mentioned layer not contact the 2nd field of the above, and directly 
on the principal plane of the above-mentioned substrate from this 1 st field all over the 1 st field which 
consists of a crystal. 



[Translation done.] 
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1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the invention] 
[0001] 

[Field of the Invention] This invention is applied to manufacture of the semiconductor laser and light 
emitting diode using a nitride system group III— V semiconducter, or an electronic transit component, 
concerning the manufacture approach of a semi-conductor light emitting device, the manufacture 
approach of a semiconductor device, the manufacture approach of a component, the growth approach of 
a nitride system group-III-V-semiconducter layer, the growth approach of a semi-conductor layer, and 
the growth approach of a layer, and is suitable. 
[0002] 

[Description of the Prior Art] Nitride system groups III— V semiconducter, such as GaN, AIGaN, GalnN, 
and AIGalnN, compare with an AIGalnAs system group III— V semiconducter or an AIGalnP system group 
III— V semiconducter, and are band gaps Eg. It has the description of it being large and being the 
semiconductor material of direct transition, for this reason , these nitride system groups III— V 
semiconducter observe as [ from the semiconductor laser which can emit light for the light of short 
wavelength which hit green from ultraviolet rays , and ultraviolet rays to red ] an ingredient which 
constitute semi-conductor light emitting devices , such as light emitting diode ( LED ) which can cover 
large luminescence wavelength range call white , — have — **** — a high density optical disk and a 
full color display — the environment , the medical field , etc. be further consider in application widely . 
[0003] Moreover, these nitride system groups III— V semiconducter have the description of crystal 
growth being able to perform formation of a semi-conductor layer and an insulating layer continuously 
by that the saturation velocity in the high electric field of GaN is large, for example, the elevated- 
temperature actuation to about 400 degrees C is possible, and using AIN for the ingredient of the 
insulating layer for example, in MIS (Metal-Insulator-Semiconductor) structure. For this reason, these 
nitride system groups III— V semiconducter are expected also as an ingredient which constitutes the RF . 
electronic device of the high power in which elevated-temperature actuation is possible. 
[0004] In addition, the following things are mentioned as a nitride system group's III— V semiconducter 
advantage. 

(1) Thermal conductivity is higher than a GaAs system semi-conductor etc., and is the component 
sense of an elevated temperature and high power actuation. 

(2) An ingredient is chemically stable, and a degree's of hardness is expensive, and it is easy to acquire 
high dependability. 

(3) The load to an environment is a small compound semiconductor ingredient. That is, an AIGalnN 
system semi-conductor does not contain the environmental pollutant or poison with large effect to an 
environment in a component or a raw material. Specifically, the ingredient equivalent to the arsenic (As) 
in an AIGaAs system semi-conductor, the cadmium (Cd) in a ZnCdSSe system semi-conductor, etc., its 
raw material (arsine (AsH3)), etc. are not used. 

[0005] However, there was a problem that there was no suitable substrate ingredient to acquire high 
dependability in the component using a nitride system group III— V semiconducter conventionally. As a 
nitride system groups III— V semiconducter substrate ingredient, in order to obtain especially the crystal 
of high quality, there are the following problems and situations. 

(1) GaN of a component, AIGaN, and GalnN are the total-distortion systems from which a lattice 
constant differs. Therefore, the range in which the range and the good crystal film which do not produce 
a crack etc. between nitride system groups III— V semiconducter and a substrate are obtained has the 
limit on a design, such as stopping a presentation, thickness, etc. 
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(2) The high quality substrate which carries out lattice matching to GaN is not developed yet. There is 
no substrate which there is a problem of being easy to generate a crack since a quality GaN substrate is 
a developmental stage, the comparatively small SiC substrate of a lattice constant difference is 
expensive, diameter[ of macrostomia ]-izing is also difficult, it pulls on the crystal film and distortion 
occurs as there are a high quality GaAs substrate which carries out lattice matching to a GaAs system 
semi-conductor or a GalnP system semi-conductor, and a high quality InP substrate which carries out 
lattice matching to a GalnAs system semi-conductor for example, and carries out lattice matching to 
GaN in addition to these. 

(3) It may not be deteriorated and corroded by the requirement of a nitride system group's III— V 
semiconducter substrate ingredient in the high crystal growth temperature of about 1000 degrees C, and 
the ammonia ambient atmosphere of V group raw material. 

[0006] For the above reasons, silicon on sapphire is used in many cases by decision synthetic as a 
nitride system group's III— V semiconducter substrate. Silicon on sapphire is stable at a nitride system 
group's III— V semiconducter crystal growth temperature, and although there is an advantage by which 2 
or the 3 inch substrate of high quality is supplied to stability, on the other hand, grid mismatching with 
GaN is large (about 13%). For this reason, the buffer layer which consists of GaN or AIN with low- 
temperature growth is formed on silicon on sapphire, and the nitride system group III— V semiconducter 
is grown up on it. According to this, it is possible to grow up the nitride system group III— V 
semiconducter of a single crystal, but the defect density reflects grid mismatching, for example, it is 
1 08-1 09. It was difficult for there to be also extent (cm-2), for example, to acquire the dependability of 
long duration in semiconductor laser. 

[0007] When indispensable and (3) crystal growth film have the thick ejection of p lateral electrode from 
a substrate top face, and n lateral electrode since there is no (1) cleavability in silicon on sapphire in 
addition to this, stable formation of a laser end face with high mirror plane nature is difficulty and (2) 
sapphire is insulation, according to the difference of the coefficient of thermal expansion of a nitride 
system group III— V semiconducter and sapphire, the curvature of the substrate in a room temperature is 
large, and there are problems, such as causing trouble to a component formation process. 
[0008] For the purpose of the quality improvement of a semiconducting crystal grown up on the 
substrate with which lattice constants differ like silicon on sapphire, there is a method of using 
longitudinal direction selective growth (Epitaxial Lateral Overgrowth; ELO). Although a high crystal 
quality field (longitudinal direction growth field), low crystal quality, or high defect density fields (a seed 
crystal top, the boundary, the meeting section, etc.) appear periodically in ELO When the size of the 
active region (for example, field an electron runs with a luminescence field and an electronic transit 
component by the light emitting device) of a component is not large, the period of ELO It can take more 
greatly than the emitter region / collector field (or source field / drain field) spacing of the stripe of 
semiconductor laser, or a transistor. For example, since the size of the active region of a component is 
about several micrometers to the period of 10-20 micrometers of ELO, it is possible to design an active 
region in a high quality field. 

[0009] When a component was formed on silicon on sapphire using ELO, there were the following 
problems, for example besides the problem resulting from the property of sapphire own one, such as 
badness of above-mentioned cleavability. 

(1) The yield falls according to there being many routing counters required for ELO. 

(2) The big curvature by thermal stress occurs in a substrate, and only a part required for ELO reduces 
the controllability of a crystal growth process or a wafer process, when crystal thickness increases. 

(3) There is a limit of component size. With components which are larger than an ELO period, for 
example, have an active region beyond hundreds of micrometer angle, such as LED, a photodetector 
(PD), and an accumulation component, since all component fields cannot be made into a high crystal 
quality field, effectiveness of ELO cannot be demonstrated. 

[0010] Although many above problems can be solved if the GaN substrate of high quality is obtained, for 
an old attempt, it was quality and the GaN substrate of the diameter of macrostomia was not obtained. 
By the reasons of being hard to obtain the good seed crystal by elevated-temperature (high pressure) 
growth also by HVPE (halide vapor growth) generally, this cannot carry out single crystal growth to 
stability, but, as for GaN, manufacture of a high quality substrate depends it on a difficult thing. 
[0011] The manufacture approach of the single crystal GaN substrate aiming at aiming at an 
improvement of this problem is proposed by JP,2001-102307,A. According to this, a three-dimension- 
facet (it is called a "core" below) is formed in a part after forming the GaN kind substrate of high defect 
density, by continuing growth on the conditions which do not close a facet, a crystal rearrangement is 
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centralized on this core section, and the field large as a result is manufacturing the quality substrate. 
4 [001.2] 

[Problem(s) to be Solved by the Invention] However, since especially the technique indicated by 
JP,2001 -102307, A is what decreases the penetration rearrangement of other fields by centralizing a 
penetration rearrangement on a field with a growth phase, in the obtained single crystal GaN substrate, 
the field (core) of low defect density and the field of high defect density are intermingled, and the 
location which the field of high defect density moreover generates cannot be controlled, but is 
generated at random. For this reason, when a nitride system group-III-V-semiconducter layer was 
grown up on this single crystal GaN substrate and a semiconductor device, for example, semiconductor 
laser, was manufactured, it could not avoid that the field of high defect density will be formed in a 
luminescence field, but the fall of the luminescence property of semiconductor laser or dependability 
was caused. 

[0013] Therefore, this Object of the Invention has good properties, such as a luminescence property, 
and they are to offer the manufacture approach of a semi-conductor light emitting device that a reliable 
long lasting semi-conductor light emitting device and such a semi-conductor light emitting device can 
be manufactured easily. 

[0014] More generally, this Object of the Invention has a good property, and it is to offer the 
manufacture approach of a semiconductor device that a reliable long lasting semiconductor device and 
such a semiconductor device can be manufactured easily. 

[0015] Still more generally, this Object of the Invention has a good property, and it is to offer the 
manufacture approach of a component that various kinds of reliable long lasting components and such 
components can be manufactured easily. 

[0016] Moreover, this Object of the Invention has good properties, such as a luminescence property, its 
long lasting reliable semi-conductor light emitting device or reliable long lasting property is good, and its 
long lasting reliable semiconductor device or reliable long lasting property is good, and it is to use for 
reliable long lasting manufacture of various kinds of components, and offer the suitable growth approach 
of a nitride system group-III-V-semiconducter layer, the growth approach of a semi-conductor layer, 
and the growth approach of a layer. 
[0017] 

[Means for Solving the Problem] this invention person inquired wholeheartedly, in order to solve the 
above-mentioned technical problem. It is as follows when the outline is explained. 
[0018] this invention person succeeded in controlling the location of the high defect density field 
generated all over a low defect density field, as a result of repeating amelioration of the technique 
indicated by JP.2001-102307A That is, into crystal growth, a high defect density field is made to 
condense automatically, and is not formed, but seed crystal etc. is artificially formed [ circularly, 
regularly, for example periodically, and ] on a substrate with a suitable GaAs substrate etc., for example, 
and the formation location of a high defect density field can be controlled by performing crystal growth 
on it, and it becomes possible to extend an improvement of crystal quality and a good crystalline region. 
In this case, the array pattern of a high defect density field is freely changeable with arrangement of 
seed crystal etc. 

[0019] Here, in seed crystal etc., although formed with ingredients other than nitride system groups III— V 
semiconducter other than GaN of polycrystal, an amorphous substance (amorphous), or a single crystal, 
and GaN(s), such as AIGalnN, and a nitride system group III— V semiconducter, as long as it is the 
structure used as the nucleus (core) which specifies a crystal defect concentration location, you may be 
what kind of structure. 

[0020] Using such a substrate, semi-conductor light emitting devices, such as semiconductor laser, and 
when manufacturing a semiconductor device more generally, the high defect density field which exists in 
a substrate needs to eliminate the bad influence which it has on a component. That is, if a semi- 
conductor layer is grown up on a substrate, in order for a defect to spread from the high defect density 
field of a substrate substrate in this semi-conductor layer, it is necessary to prevent degradation of the 
property of a component, a fall of dependability, etc. resulting from this defect. 

[0021] It happens, also when it is difficult to obtain the substrate of low defect density with this problem 
homogeneous as the semi-conductor used for a component, and growing up a semi-conductor layer on 
it using the substrate of the same structure as the above. It happens, also when it is difficult to obtain 
the substrate of low defect density homogeneous as the ingredient used for a component more 
generally, and growing up a layer on it using the substrate of the same structure as the above. As a 
result of examining many things, this invention person finds out the effective technique of the ability to 
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solve the above-mentioned technical problem, and used to come to think out this invention. 
[00£2] In order to solve the above-mentioned technical problem, namely, invention of the 1st of this 
invention The 1 st average dislocation density The nitride system group-HI-V-semiconducter layer in 
which two or more 2nd fields which have the 2nd average dislocation density higher than the 1st 
average dislocation density all over the 1st field which consists of a crystal which it has form light 
emitting device structure on the principal plane of the nitride system group-IH-V-semiconducter 
substrate arranged regularly By making it grow up, it is the manufacture approach of a semi-conductor 
light emitting device of having manufactured the semi-conductor light emitting device, and is 
characterized by making it a nitride system group-HI-V-semiconducter layer not contact the 2nd field 
and directly on the principal plane of a nitride system group-HI-V-semiconducter substrate. 
[0023] In order to make it a nitride system group-HI-V-semiconducter layer not contact the 2nd field 
and directly on the principal plane of a nitride system group-HI-V-semiconducter substrate, before 
growing up a nitride system group-HI-V-semiconducter layer, specifically, the 2nd field is removed from 
the principal plane of a nitride system group-III-V-semiconducter substrate in part at least. Before 
growing up a nitride system group-HI-V-semiconducter layer, more specifically, the 2nd field is removed 
from the principal plane of the above-mentioned nitride system group-III-V-semiconducter substrate by 
predetermined Mr. Fukashi. Here, although the predetermined depth is suitably chosen according to the 
configuration of the component constituted by the nitride system group-III-V-semiconducter layer, the 
growth conditions of a nitride system group-III-V-semiconducter layer, etc., generally it is carried out 1 
micrometers or more to more than thickness extent (for example, 1 0 micrometers or more) of the 
component suitably constituted using a nitride system group-III-V-semiconducter layer. Before growing 
up a nitride system group-III-V-semiconducter layer, the 2nd field may all be removed. Etching performs 
removal of the 2nd field typically and, specifically, wet etching, dry etching, thermochemistry etching, ion 
milling, etc. perform. 

[0024] In order to make it a nitride system group-III-V-semiconducter layer not contact the 2nd field 
and directly on the principal plane of a nitride system group-IH-V-semiconducter substrate, before 
growing up a nitride system group-III-V-semiconducter layer, the front face of the 2nd field may be 
covered by the enveloping layer. As this enveloping layer, as long as growth temperature can be borne, 
various kinds of things can be used, and specifically, it is Si02. The film and Six Ny Refractory metal 
film, those nitrides, etc., such as a tungsten (W) besides insulator layers, such as film and SOG (Spin on 
Glass) film, molybdenum (Mo), and a tantalum (Ta), can be used. In this case, although it is also good to 
form an enveloping layer on the 2nd field, when the 2nd field is removed from the principal plane of a 
nitride system group-III-V-semiconducter substrate to the predetermined depth, the part from which 
this 2nd field was removed may be made to be buried by the enveloping layer. Although the front face of 
an enveloping layer is located in a location higher than the principal plane of a nitride system group-III- 
V-semiconducter substrate, the front face of an envelopingJayer can be made in agreement [ in the 
case of the latter ] with the principal plane of a nitride system group-HI-V-semiconducter substrate in 
the case of the former by using the technique of etchback etc. 

[0025] Although spacing of the 2nd two field which ac(joins mutually, or the array period of the 2nd field 
is chosen according to the magnitude of a component etc., generally it is 20 micrometers or more, 50 
micrometers or more, or 100 micrometers or more. Although what has the not necessarily clear upper 
limit of spacing of this 2nd field or the array period of the 2nd field does not exist, generally it is about 
1000 micrometers. This 2nd field has penetrated the nitride system group-III-V-semiconducter 
substrate typically. Moreover, this 2nd field has an indeterminate multiple column-like configuration 
typically. Between the 1st field and the 2nd field, are higher than the 1st average dislocation density. 
And the 3rd field which has the 3rd average dislocation density lower than the 2nd average dislocation 
density exists as a transition region in many cases. Although it is also good to make it a nitride system 
group-III-V-semiconducter layer not contact the 2nd field and directly on the principal plane of a nitride 
system group-III-V-semiconducter substrate, in this case, most suitably It is made for a nitride system 
group-III-V-semiconducter layer not to contact these 2nd field and the 3rd field, and directly on the 
principal plane of a nitride system group-IH-V-semiconducter substrate. In the case of the latter, before 
growing up a nitride system group-III-V-semiconducter layer, specifically, the 2nd field and 3rd field are 
removed from the principal plane of a nitride system group-III-V-semiconducter substrate in part at 
least. 

[0026] 10 micrometers or more 100 micrometers or less of diameters of the 2nd field are 20 
micrometers or more 50 micrometers or less more typically. Moreover, when the 3rd field exists, 
typically, the diameter is larger than 20 micrometers or more 200 micrometers or less, more typically 
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large 40 micrometers or more 160 micrometers or less, and most typically larger than the diameter of 
the-2nd field 60 micrometers or more 140 micrometers or less. 

[0027] Generally the average dislocation density of the 2nd field is 5 or more times of the dislocation 
density of the 1st field. Typically, less than [ 2x106 cm-2 ] and the average dislocation density of the 
2nd field of the average dislocation density of the 1st field are more than 1x108 cm-2. When the 3rd 
field exists, the average dislocation density is smaller than 1x108 cm-2, and typically larger than 2x106 
cm-2. 

[0028] In order that average dislocation density may prevent the bad influence by the 2nd high field, 1 
micrometers or more of 10 micrometers or more of 100 micrometers or more of luminescence fields of a 
semi-conductor light emitting device are more suitably separated from the 2nd field. When the 3rd field 
exists, it is made for the luminescence field of a semi-conductor light emitting device not to include the 
2nd field and 3rd field most suitably. Although semi-conductor light emitting devices are semiconductor 
laser and light emitting diode, more specifically, in the case of the former semiconductor laser, 1 
micrometers or more of 10 micrometers or more of 100 micrometers or more of fields where a drive 
current is passed through a stripe-like electrode are more suitably separated from the 2nd field still 
more suitably. When the 3rd field exists, it is made for the field where a drive current is passed through 
a stripe-like electrode not to include the 2nd field and 3rd field most suitably. One or more number of 
stripe-like electrodes, i.e., a laser stripe, may be formed, and can also choose the width of face if 
needed. 

[0029] A nitride system group-III-V-semiconducter substrate or a nitride system group-III-V- 
semiconducter layer Most generally AIX By Ga1-x-y-z Inz Asu N1-u-v Pv It consists of (0<=x<=1, 
0<=y<=1, 0<=z<=1, 0<=u<=1, 0<=v<=1, 0 <=x+y+z<1, 0 <=u+v<1). [ however, ] It more specifically consists 
of AIX By Ga1-x-y-z Inz N (however, 0<=x<=1, 0<=y<=1, 0<=z<=1, 0 <=x+y+z<1), and consists of AIX 
Ga1-x-z Inz N (however, 0<=x<=1, 0<=z<=1) typically. A nitride system group-III-V-semiconducter 
substrate consists of GaN most typically. The thing of the more than described in relation to invention 
of the 1st of this invention is materialized also about the following invention, unless it is contrary to that 
property. 

[0030] Invention of the 2nd of this invention The 1 st average defect density The nitride system group- 
III-V-semiconducter layer in which two or more 2nd fields which have the 2nd average defect density 
higher than the 1st average defect density all over the 1st field which consists of a crystal which it has 
form light emitting device structure on the principal plane of the nitride system group-III-V- 
semiconducter substrate arranged regularly By making it grow up, it is the manufacture approach of a 
semi-conductor light emitting device of having manufactured the semi-conductor light emitting device, 
and is characterized by making it a nitride system group-III-V-semiconducter layer not contact the 2nd 
field and directly on the principal plane of a nitride system group-III-V-semiconducter substrate. 
[0031] here, "average defect density" means the mean density of the. whole lattice defect which has a 
bad influence on a property, dependability, etc. of a component, and all things, such as a rearrangement, 
a stacking fault, and a point defect, are contained in a defect (the following — the same). 
[0032] Invention of the 3rd of this invention By growing up the nitride system group-III-V- 
semiconducter layer which forms light emitting device structure on the principal plane of the nitride 
system group-III-V-semiconducter substrate which two or more 2nd fields where crystallinity is worse 
than this 1st field have arranged regularly all over the 1st field which consists of a crystal It is the 
manufacture approach of a semi-conductor light emitting device of having manufactured the semi- 
conductor light emitting device, and is characterized by making it a nitride system group-III-V- 
semiconducter layer not contact the 2nd field and directly on the principal plane of a nitride system 
group-III-V-semiconducter substrate. 

[0033] here, typically, the 1st field which consists of a crystal is a single crystal, and, as for the 2nd field 
where crystallinity is worse than this 1 st field, a single crystal, polycrystal, amorphous substances, or 2 
or more [ these ] are intermingled (the following — the same). This corresponds with the case where 
the 2nd average dislocation density or average defect density of a field is higher than the 1st average 
dislocation density or average defect density of a field. 

[0034] Invention of the 4th of this invention The 1 st average dislocation density The nitride system 
group-III-V-semiconducter layer in which two or more 2nd fields which have the 2nd average dislocation 
density higher than the 1st average dislocation density all over the 1st field which consists of a crystal 
which it has form component structure on the principal plane of the nitride system group-III-V- 
semiconducter substrate arranged regularly By making it grow up, it is the manufacture approach of a 
semiconductor device of having manufactured the semiconductor device, and is characterized by making 
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it a nitride system group-III-V-semiconducter layer not contact the 2nd field and directly on the 
principal plane of a nitride system group-III-V-semiconducter substrate. 

[0035] Invention of the 5th of this invention The 1st average defect density The nitride system group- 
III-V-semiconducter layer in which two or more 2nd fields which have the 2nd average defect density 
higher than the 1st average defect density all over the 1st field which consists of a crystal which it has 
form component structure on the principal plane of the nitride system group-III-V-semiconducter 
substrate arranged regularly By making it grow up, it is the manufacture approach of a semiconductor 
device of having manufactured the semiconductor device, and is characterized by making it a nitride" 
system group-III-V-semiconducter layer not contact the 2nd field and directly on the principal plane of 
a nitride system group-III-V-semiconducter substrate. 

[0036] Invention of the 6th of this invention By growing up the nitride system group-III-V- 
semiconducter layer which forms component structure on the principal plane of the nitride system 
group-III-V-semiconducter substrate which two or more 2nd fields where crystallinity is worse than this 
1st field have arranged regularly all over the 1st field which consists of a crystal It is the manufacture 
approach of a semiconductor device of having manufactured the semiconductor device, and is 
characterized by making it a nitride system group-III-V-semiconducter layer not contact the 2nd field 
and directly on the principal plane of a nitride system group-III-V-semiconducter substrate. 
[0037] in the 4th of this invention - the 6th invention, a photo detector besides a light emitting device 
like light emitting diode or semiconductor laser and an electronic transit component still like field-effect 
transistors (FET), such as a high electron mobility transistor, or a heterojunction bipolar transistor 
(HBT) are contained in a semiconductor device (the following — the same). 

[0038] In the 4th of this invention - the 6th invention, in order that average dislocation density may 
prevent the bad influence by the 2nd high field, 1 micrometers or more of 10 micrometers or more of 
100 micrometers or more of active regions of a semiconductor device are more suitably separated from 
the 2nd field still more suitably. When the 3rd field exists, it is made for the active region of a 
semiconductor device not to include the 2nd field and 3rd field most suitably, here, an active region 
means a light-receiving field and the field an electron runs in an electronic transit component in a 
luminescence field and a semi-conductor photo detector in a semi-conductor light emitting device (the 
following — the same). 

[0039] Invention of the 7th of this invention By growing up the semi-conductor layer in which two or 
more 2nd fields which have the 2nd average dislocation density higher than the 1st average dislocation 
density all over the 1st field which consists of a crystal which has the 1st average dislocation density 
form light emitting device structure on the principal plane of the semi-conductor substrate arranged 
regularly It is the manufacture approach of a semi-conductor light emitting device of having 
manufactured the semi-conductor light emitting device, and is characterized by making it a semi- 
conductor layer not contact the 2nd field and directly on the principal plane of a semi-conductor. 
substrate. 

[0040] Invention of the 8th of this invention By growing up the semi-conductor layer in which two or 
more 2nd fields which have the 2nd average defect density higher than the 1 st average defect density 
all over the 1st field which consists of a crystal which has the 1st average defect density form light 
emitting device structure on the principal plane of the semi-conductor substrate arranged regularly It is 
the manufacture approach of a semi-conductor light emitting device of having manufactured the semi- 
conductor light emitting device, and is characterized by making it a semi-conductor layer not contact 
the 2nd field and directly on the principal plane of a semi-conductor substrate. 

[0041] Invention of the 9th of this invention It is the manufacture approach of a semi-conductor light 
emitting device of having manufactured the semi-conductor light emitting device by growing up the 
semi-conductor layer which forms light emitting device structure on the principal plane of the semi- 
conductor substrate which two or more 2nd fields where crystallinity is worse than this 1 st field have 
arranged regularly all over the 1st field which consists of a crystal. A semi-conductor layer is 
characterized by making it not contact the 2nd field and directly on the principal plane of a semi- 
conductor substrate. 

[0042] Invention of the 10th of this invention By growing up the semi-conductor layer in which two or 
more 2nd fields which have the 2nd average dislocation density higher than the 1 st average dislocation 
density all over the 1st field which consists of a crystal which has the 1st average dislocation density 
form component structure on the principal plane of the semi-conductor substrate arranged regularly It 
is the manufacture approach of a semiconductor device of having manufactured the semiconductor 
device, and is characterized by making it a semi-conductor layer not contact the 2nd field and directly 
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on the principal plane of a semi-conductor substrate. 

[0043] Invention of the 1 1th of this invention By growing up the semi-conductor layer in which two or 
more 2nd fields which have the 2nd average defect density higher than the 1st average defect density 
all over the 1st field which consists of a crystal which has the 1st average defect density form 
component structure on the principal plane of the semi-conductor substrate arranged regularly It is the 
manufacture approach of a semiconductor device of having manufactured the semiconductor device, 
and is characterized by making it a semi-conductor layer not contact the 2nd field and directly on the 
principal plane of a semi-conductor substrate. 

[0044] Invention of the 1 2th of this invention It is the manufacture approach of a semiconductor device 
of having manufactured the semiconductor device by growing up the semi-conductor layer which forms 
component structure on the principal plane of the semi-conductor substrate which two or more 2nd 
fields where crystallinity is worse than this 1 st field have arranged regularly all over the 1 st field which 
consists of a crystal. A semi-conductor layer is characterized by making it not contact the 2nd field and 
directly on the principal plane of a semi-conductor substrate. 

[0045] In the 10th of this invention - the 12th invention, the ingredients of a semi-conductor substrate 
or a semi-conductor layer may be wurtzite mold (wurtzit) structure besides a nitride system group III— V 
semiconducter and other semi-conductors which more generally have the crystal structure of hexagonal 
system, for example, ZnO, alpha-ZnS, alpha-CdS, alpha-CdSe, etc., and may be various kinds of semi- 
conductors which have the crystal structure of further others. 

[0046] Invention of the 1 3th of this invention By growing up the layer in which two or more 2nd fields 
which have the 2nd average dislocation density higher than the 1st average dislocation density all over 
the 1st field which consists of a crystal which has the 1st average dislocation density form component 
structure on the principal plane of the substrate arranged regularly It is the manufacture approach of a 
component of having manufactured the component, and is characterized by making it a layer not contact 
the 2nd field and directly on the principal plane of a substrate. 

[0047] Invention of the 14th of this invention By growing up the layer in which two or more 2nd fields 
which have the 2nd average defect density higher than the 1st average defect density all over the 1st 
field which consists of a crystal which has the 1 st average defect density form component structure on 
the principal plane of the substrate arranged regularly It is the manufacture approach of a component of 
having manufactured the component, and is characterized by making it a layer not contact the 2nd field 
and directly on the principal plane of a substrate. 

[0048] Invention of the 1 5th of this invention is the manufacture approach of a component of having 
manufactured the component by growing up the layer which forms component structure on the principal 
plane of the substrate which two or more 2nd fields where crystallinity is worse than this 1 st field have 
arranged regularly all over the 1st field which consists of a crystal. A layer is characterized by making it 

not contactthe 2nd field and directly on the principal plane of a substrate.. . - 

[0049] In the 13th of this invention - the 15th invention, components are a piezoelectric device besides 
semiconductor devices (a light emitting device, a photo detector, electronic transit component, etc.), a 
pyroelectric element, optical elements (the second harmonic generation component using a nonlinear 
optical crystal etc.), a dielectric element (a ferroelectric component is included), a superconducting 
element, etc. In this case, by the semiconductor device, various kinds of above semi-conductors can be 
used for the ingredient of a substrate or a layer, and various kinds of ingredients, such as an oxide, can 
be used for it by a piezoelectric device, the pyroelectric element, the optical element, the dielectric 
element, and the superconducting element. About an oxide ingredient, it is Journal of the Society of 
Japan Vol.103 and No.1 1(1995) pp.1 099-1 1 11, for example. There are many things, such as what was 
indicated by Materials Science and Engineering B41 (1996) 166-173. 

[0050] Two or more 2nd fields which have the 2nd average dislocation density higher than the 1st 
average dislocation density all over the 1st field which consists of a crystal which has the 1st average 
dislocation density arrange invention of the 16th of this invention regularly at the 1st spacing in the 1st 
direction. By growing up the nitride system group-III-V-semiconducter layer which forms light emitting 
device structure on the principal plane of the nitride system group-HI-V-semiconducter substrate 
regularly arranged at the 2nd spacing smaller than the 1 st spacing in the 1 st direction and the 2nd 
direction which intersects perpendicularly It is the manufacture approach of a semi-conductor light 
emitting device of having manufactured the semi-conductor light emitting device, and is characterized 
by making it a nitride system group-III-V-semiconducter layer not contact the 2nd field and directly on 
the principal plane of a nitride system group-III-V-semiconducter substrate. 

[0051] Two or more 2nd fields which have the 2nd average defect density higher than the 1st average 
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defect density all over the 1st field which consists of a crystal which has the 1st average defect density 
arrange invention of the 17th of this invention regularly at the 1st spacing in the 1st direction. By 
growing up the nitride system group-HI-V-semiconducter layer which forms light emitting device 
structure on the principal plane of the nitride system group-III-V-semiconducter substrate regularly 
arranged at the 2nd spacing smaller than the 1st spacing in the 1st direction and the 2nd direction 
which intersects perpendicularly It is the manufacture approach of a semi-conductor light emitting 
device of having manufactured the semi-conductor light emitting device, and is characterized by making 
it a nitride system group-UI-V-semiconducter layer not contact the 2nd field and directly on the 
principal plane of a nitride system group-III-V-semiconducter substrate. 

[0052] Two or more 2nd fields where crystallinity is worse than this 1st field arrange invention of the 
18th of this invention regularly at the 1st spacing in the 1st direction all over the 1st field which 
consists of a crystal. By growing up the nitride system group-III-V-semiconducter layer which forms 
light emitting device structure on the principal plane of the nitride system group-III-V-semiconducter 
substrate regularly arranged at the 2nd spacing smaller than the 1st spacing in the 1st direction and the 
2nd direction which intersects perpendicularly It is the manufacture approach of a semi-conductor light 
emitting device of having manufactured the semi-conductor light emitting device, and is characterized 
by making it a nitride system group-III-V-semiconducter layer not contact the 2nd field and directly on 
the principal plane of a nitride system group-III-V-semiconducter substrate. 

[0053] Invention of the 19th of this invention The 1st average dislocation density Two or more 2nd 
fields which extend in the shape of [ which has the 2nd average dislocation density higher than the 1st 
average dislocation density all over the 1 st field which consists of a crystal which it has ] a straight line 
on the principal plane of the nitride system group-III-V-semiconducter substrate arranged regularly 
mutually in parallel light emitting device structure It is the manufacture approach of a semi-conductor 
light emitting device of having manufactured the semi-conductor light emitting device by growing up the 
nitride system group-III-V-semiconducter layer to form. A nitride system group-III-V-semiconducter 
layer is characterized by making it not contact the 2nd field and directly on the principal plane of a 
nitride system group-III-V-semiconducter substrate. 

[0054] Invention of the 20th of this invention The 1 st average defect density Two or more 2nd fields 
which extend in the shape of [ which has the 2nd average defect density higher than the 1st average 
defect density all over the 1st field which consists of a crystal which it has ] a straight line on the 
principal plane of the nitride system group-III-V-semiconducter substrate arranged regularly mutually in 
parallel light emitting device structure It is the manufacture approach of a semi-conductor light emitting 
device of having manufactured the semi-conductor light emitting device by growing up the nitride 
system group-III-V-semiconducter layer to form. A nitride system group-III-V-semiconducter layer is 
characterized by making it not contact the 2nd field and directly on the principal plane of a nitride 

system group-III-V-semiconducter substrate. « 

[0055] Invention of the 21st of this invention The nitride system group-III-V-semiconducter layer in 
which two or more 2nd fields where crystallinity extends in the shape of [ bad ] a straight line from this 
1st field all over the 1st field which consists of a crystal form light emitting device structure on the 
principal plane of the nitride system group-III-V-semiconducter substrate arranged regularly mutually in 
parallel By making it grow up, it is the manufacture approach of a semi-conductor light emitting device 
of having manufactured the semi-conductor light emitting device, and is characterized by making it a 
nitride system group-III-V-semiconducter layer not contact the 2nd field and directly on the principal 
plane of a nitride system group-III-V-semiconducter substrate. 

[0056] Two or more 2nd fields which have the 2nd average dislocation density higher than the 1st 
average dislocation density all over the 1st field which consists of a crystal which has the 1st average 
dislocation density arrange invention of the 22nd of this invention regularly at the 1 st spacing in the 1 st 
direction. By growing up the nitride system group-III-V-semiconducter layer which forms component 
structure on the principal plane of the nitride system group-III-V-semiconducter substrate regularly 
arranged at the 2nd spacing smaller than the 1st spacing in the 1st direction and the 2nd direction 
which intersects perpendicularly It is the manufacture approach of a semiconductor device' of having 
manufactured the semiconductor device, and is characterized by making it a nitride system group-III-V- 
semiconducter layer not contact the 2nd field and directly on the principal plane of a nitride system 
group-III-V-semiconducter substrate. 

[0057] Two or more 2nd fields which have the 2nd average defect density higher than the 1 st average 
defect density all over the 1 st field which consists of a crystal which has the 1 st average defect density 
arrange invention of the 23rd of this invention regularly at the 1st spacing in the 1st direction. By 
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growing up the nitride system group-III-V-semiconducter layer which forms component structure on the 
principal plane of the nitride system group-III-V-semiconducter substrate regularly arranged at the 2nd 
spacing smaller than the 1st spacing in the 1st direction and the 2nd direction which intersects 
perpendicularly It is the manufacture approach of a semiconductor device of having manufactured the 
semiconductor device, and is characterized by making it a nitride system group-III-V-semiconducter 
layer not contact the 2nd field and directly on the principal plane of a nitride system group-III-V- 
semiconducter substrate. 

[0058] Two or more 2nd fields where crystallinity is worse than this 1 st field arrange invention of the 
24th of this invention regularly at the 1st spacing in the 1st direction all over the 1st field which 
consists of a crystal. By growing up the nitride system group-III-V-semiconducter layer which forms 
component structure on the principal plane of the nitride system group-III-V-semiconducter substrate 
regularly arranged at the 2nd spacing smaller than the 1st spacing in the 1st direction and the 2nd 
direction which intersects perpendicularly It is the manufacture approach of a semiconductor device of 
having manufactured the semiconductor device, and is characterized by making it a nitride system 
group-III-V-semiconducter layer not contact the 2nd field and directly on the principal plane of a nitride 
system group-IH-V-semiconducter substrate. 

[0059] Invention of the 25th of this invention The 1st average dislocation density Two or more 2nd 
fields which extend in the shape of [ which has the 2nd average dislocation density higher than the 1st 
average dislocation density all over the 1st field which consists of a crystal which it has ] a straight line 
on the principal plane of the nitride system group-III-V-semiconducter substrate arranged regularly 
mutually in parallel component structure It is the manufacture approach of a semiconductor device of 
having manufactured the semiconductor device by growing up the nitride system group-III-V- 
semiconducter layer to form. A nitride system group-III-V-semiconducter layer is characterized by 
making it not contact the 2nd field and directly on the principal plane of a nitride system group-III-V- 
semiconducter substrate. 

[0060] Invention of the 26th of this invention The 1st average defect density Two or more 2nd fields 
which extend in the shape of [ which has the 2nd average defect density higher than the 1st average 
defect density all over the 1st field which consists of a crystal which it has ] a straight line on the 
principal plane of the nitride system group-III-V-semiconducter substrate arranged regularly mutually in 
parallel component structure It is the manufacture approach of a semiconductor device of having 
manufactured the semiconductor device by growing up the nitride system group-III-V-semiconducter 
layer to form. A nitride system group-III-V-semiconducter layer is characterized by making it not 
contact the 2nd field and directly on the principal plane of a nitride system group-III-V-semiconducter 
substrate. 

[0061] Invention of the 27th of this invention The nitride system group-III-V-semiconducter layer in: 
which two or more 2nd fields where crystallinity extends in the shape.of [ bad ] a straight line from this 
1st field all over the 1st field which consists of a crystal form component structure on the principal 
plane of the nitride system group-III-V-semiconducter substrate arranged regularly mutually in parallel 
By making it grow up, it is the manufacture approach of a semiconductor device of having manufactured 
the semiconductor device, and is characterized by making it a nitride system group-III-V-semiconducter 
layer not contact the 2nd field and directly on the principal plane of a nitride system group-III-V- 
semiconducter substrate. 

[0062] Two or more 2nd fields which have the 2nd average dislocation density higher than the 1 st 
average dislocation density all over the 1st field which consists of a crystal which has the 1st average 
dislocation density arrange invention of the 28th of this invention regularly at the 1st spacing in the 1st 
direction. It is the manufacture approach of a semi-conductor light emitting device of having 
manufactured the semi-conductor light emitting device by growing up the semi-conductor layer which 
forms light emitting device structure on the principal plane of the semi-conductor substrate regularly 
arranged at the 2nd spacing smaller than the 1 st spacing in the 1 st direction and the 2nd direction 
which intersects perpendicularly. A semi-conductor layer is characterized by making it not contact the 
2nd field and directly on the principal plane of a semi-conductor substrate. 

[0063] Two or more 2nd fields which have the 2nd average defect density higher than the 1st average 
defect density all over the 1st field which consists of a crystal which has the 1st average defect density 
arrange invention of the 29th of this invention regularly at the 1st spacing in the 1st direction. It is the 
manufacture approach of a semi-conductor light emitting device of having manufactured the semi- 
conductor light emitting device by growing up the semi-conductor layer which forms light emitting 
device structure on the principal plane of the semi-conductor substrate regularly arranged at the 2nd 
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spacing smaller than the 1 st spacing in the 1 st direction and the 2nd direction which intersects 
perpendicularly. A semi-conductor layer is characterized by making it not contact the 2nd field and 
directly on the principal plane of a semi-conductor substrate. 

[0064] Two or more 2nd fields where crystallinity is worse than this 1st field arrange invention of the 
30th of this invention regularly at the 1st spacing in the 1st direction all over the 1st field which 
consists of a crystal. It is the manufacture approach of a semi-conductor light emitting device of having 
manufactured the semi-conductor light emitting device by growing up the semi-conductor layer which 
forms light emitting device structure on the principal plane of the semi-conductor substrate regularly 
arranged at the 2nd spacing smaller than the 1 st spacing in the 1 st direction and the 2nd direction 
which intersects perpendicularly. A semi-conductor layer is characterized by making it not contact the 
2nd field and directly on the principal plane of a semi-conductor substrate. 

[0065] Invention of the 31st of this invention The 1st average dislocation density By growing up the 
semi-conductor layer in which two or more 2nd fields which extend in the shape of [ which has the 2nd 
average dislocation density higher than the 1st average dislocation density all over the 1st field which 
consists of a crystal which it has ] a straight line form light emitting device structure on the principal 
plane of the semi-conductor substrate arranged regularly mutually in parallel It is the manufacture 
approach of a semi-conductor light emitting device of having manufactured the semi-conductor light 
emitting device, and is characterized by making it a semi-conductor layer not contact the 2nd field and 
directly on the principal plane of a semi-conductor substrate. 

[0066] Invention of the 32nd of this invention The 1st average defect density By growing up the semi- 
conductor layer in which two or more 2nd fields which extend in the shape of [ which has the 2nd 
average defect density higher than the 1st average defect density all over the 1st field which consists 
of a crystal which it has ] a straight line form light emitting device structure on the principal plane of the 
semi-conductor substrate arranged regularly mutually in parallel It is the manufacture approach of a 
semi-conductor light emitting device of having manufactured the semi-conductor light emitting device, 
and is characterized by making it a semi-conductor layer not contact the 2nd field and directly on the 
principal plane of a semi-conductor substrate. 

[0067] Invention of the 33rd of this invention By growing up the semi-conductor layer in which two or 
more 2nd fields where crystallinity extends in the shape of [ bad ] a straight line from this 1st field all 
over the 1st field which consists of a crystal form light emitting device structure on the principal plane 
of the semi-conductor substrate arranged regularly mutually in parallel It is the manufacture approach of 
a semi-conductor light emitting device of having manufactured the semi-conductor light emitting device, 
and is characterized by making it a semi-conductor layer not contact the 2nd field and directly on the 
principal plane of a semi-conductor substrate. 

[0068] Two or more 2nd fields which have the 2nd average dislocation density higher than the 1st - 

average dislocation density all over the 1st field which consists of a crystal which has the 1st average 

dislocation density arrange invention of the 34th of this invention regularly at the 1st spacing in the 1st 
direction. It is the manufacture approach of a semiconductor device of having manufactured the 
semiconductor device by growing up the semi-conductor layer which forms component structure on the 
principal plane of the semi-conductor substrate regularly arranged at the 2nd spacing smaller than the 
1 st spacing in the 1 st direction and the 2nd direction which intersects perpendicularly. A semi- 
conductor layer is characterized by making it not contact the 2nd field and directly on the principal 
plane of a semi-conductor substrate. 

[0069] Two or more 2nd fields which have the 2nd average defect density higher than the 1st average 
defect density all over the 1st field which consists of a crystal which has the 1st average defect density 
arrange invention of the 35th of this invention regularly at the 1 st spacing in the 1 st direction. It is the 
manufacture approach of a semiconductor device of having manufactured the semiconductor device by 
growing up the semi-conductor layer which forms component structure on the principal plane of the 
semi-conductor substrate regularly arranged at the 2nd spacing smaller than the 1 st spacing in the 1 st 
direction and the 2nd direction which intersects perpendicularly. A semi-conductor layer is 
characterized by making it not contact the 2nd field and directly on the principal plane of a semi- 
conductor substrate. 

[0070] Two or more 2nd fields where crystallinity is worse than this 1st field arrange invention of the 
36th of this invention regularly at the 1st spacing in the 1st direction all over the 1st field which 
consists of a crystal. It is the manufacture approach of a semiconductor device of having manufactured 
the semiconductor device by growing up the semi-conductor layer which forms component structure on 
the principal plane of the semi-conductor substrate regularly arranged at the 2nd spacing smaller than 
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the 1st spacing in the 1st direction and the 2nd direction which intersects perpendicularly. A semi- 
conductor layer is characterized by making it not contact the 2nd field and directly on the principal 
plane of a semi-conductor substrate. 

[0071] Invention of the 37th of this invention By growing up the semi-conductor layer in which two or 
more 2nd fields which extend in the shape of [ which has the 2nd average dislocation density higher 
than the 1 st average dislocation density all over the 1 st field which consists of a crystal which has the 
1st average dislocation density ] a straight line form component structure on the principal plane of the 
semi-conductor substrate arranged regularly mutually in parallel It is the manufacture approach of a 
semiconductor device of having manufactured the semiconductor device, and is characterized by making 
it a semi-conductor layer not contact the 2nd field and directly on the principal plane of a semi- 
conductor substrate. 

[0072] Invention of the 38th of this invention By growing up the semi-conductor layer in which two or 
more 2nd fields which extend in the shape of [ which has the 2nd average defect density higher than the 
1st average defect density all over the 1st field which consists of a crystal which has the 1st average 
defect density ] a straight line form component structure on the principal plane of the semi-conductor 
substrate arranged regularly mutually in parallel It is the manufacture approach of a semiconductor 
device of having manufactured the semiconductor device, and is characterized by making it a semi- 
conductor layer not contact the 2nd field and directly on the principal plane of a semi-conductor 
substrate. 

[0073] Invention of the 39th of this invention By growing up the semi-conductor layer in which two or 
more 2nd fields where crystallinity extends in the shape of [ bad ] a straight line from this 1 st field all 
over the 1 st field which consists of a crystal form component structure on the principal plane of the 
semi-conductor substrate arranged regularly mutually in parallel It is the manufacture approach of a 
semiconductor device of having manufactured the semiconductor device, and is characterized by making 
it a semi-conductor layer not contact the 2nd field and directly on the principal plane of a semi- 
conductor substrate. 

[0074] Two or more 2nd fields which have the 2nd average dislocation density higher than the 1st 
average dislocation density all over the 1st field which consists of a crystal which has the 1st average 
dislocation density arrange invention of the 40th of this invention regularly at the 1 st spacing in the 1 st 
direction. It is the manufacture approach of a component of having manufactured the component by 
growing up the layer which forms component structure on the principal plane of the substrate regularly 
arranged at the 2nd spacing smaller than the 1st spacing in the 1st direction and the 2nd direction 
which intersects perpendicularly. A layer is characterized by making it not contact the 2nd field and 
directly on the principal plane of a substrate. 

[0075] Two or more 2nd fields which have the 2nd average defect density higher than the 1st average 
defect density all over the . 1st field which consists of a crystal which has the 1st average defect density * 
arrange invention of the 41st of this invention regularly at the 1st spacing in the 1st direction. It is the 
manufacture approach of a component of having manufactured the component by growing up the layer 
which forms component structure on the principal plane of the substrate regularly arranged at the 2nd 
spacing smaller than the 1st spacing in the 1st direction and the 2nd direction which intersects 
perpendicularly. A layer is characterized by making it not contact the 2nd field and directly on the 
principal plane of a substrate. 

[0076] Two or more 2nd fields where crystallinity is worse than this 1st field arrange invention of the 
42nd of this invention regularly at the 1 st spacing in the 1 st direction all over the 1 st field which 
consists of a crystal. It is the manufacture approach of a component of having manufactured the 
component by growing up the layer which forms component structure on the principal plane of the 
substrate regularly arranged at the 2nd spacing smaller than the 1st spacing in the 1st direction and the 
2nd direction which intersects perpendicularly. A layer is characterized by making it not contact the 2nd 
field and directly on the principal plane of a substrate. 

[0077] Invention of the 43rd of this invention By growing up the layer in which two or more 2nd fields 
which extend in the shape of [ which has the 2nd average dislocation density higher than the 1st 
average dislocation density all over the 1st field which consists of a crystal which has the 1st average 
dislocation density ] a straight line form component structure on the principal plane of the substrate 
arranged regularly mutually in parallel It is the manufacture approach of a component of having 
manufactured the component, and is characterized by making it a layer not contact the 2nd field and 
directly on the principal plane of a substrate. 

[0078] Invention of the 44th of this invention By growing up the layer in which two or more 2nd fields 
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which extend in the shape of [ which has the 2nd average defect density higher than the 1st average 
defect density all over the 1st field which consists of a crystal which has the 1st average defect 
density ] a straight line form component structure on the principal plane of the substrate arranged 
regularly mutually in parallel It is the manufacture approach of a component of having manufactured the 
component, and is characterized by making it a layer not contact the 2nd field and directly on the 
principal plane of a substrate. 

[0079] Invention of the 45th of this invention It is the manufacture approach of a component of having 
manufactured the component by growing up the layer in which two or more 2nd fields where crystallinity 
extends in the shape of [ bad ] a straight line from this 1st field all over the 1st field which consists of a 
crystal form component structure on the principal plane of the substrate arranged regularly mutually in 
parallel. A layer is characterized by making it not contact the 2nd field and directly on the principal plane 
of a substrate. 

[0080] In the 16th of this invention - the 45th invention, spacing of the 2nd field which extends the 1st 
shape of spacing (the 1 st spacing) or a straight line of a field of a direction is the same as spacing of the 
2nd field described in relation to invention of the 1st of this invention, or array spacing of the 2nd field. 
[ 2nd ] Moreover, spacing of the 2nd field which extends the 1st shape of spacing (the 1st spacing) or a 
straight line of a field of a direction is the same as spacing of the 2nd field described in relation to 
invention of the 1 st of this invention except for being 50 micrometers or more, or array spacing of the 
2nd field typically. [ 2nd ] the 16th - 18th the 22- of this invention — the 24th, the 28th - 30th the 34- 
spacing of the 2nd field of the 2nd direction in the 36th, the 40th - the 42nd invention, although it can 
choose freely in the range smaller than the 1 st spacing fundamentally, it is a thing and it is based also 
on the 2nd area size Generally, 10 micrometers or more 1000 micrometers or less are 20 micrometers 
or more 200 micrometers or less typically. Furthermore, typically in the field (henceforth a "component 
field") which finally serves as a chip by scribing of a substrate, the 2nd seven or more fields which 
extend the 2nd shape of a train or a straight line of a field of a direction are not included substantially. 
[ 2nd ] Here, having made into seven a number of the 2nd field of upper limits which extend the 2nd 
shape of a train or a straight line of a field of a direction takes into consideration that about seven may 
be contained to a component field by relation with the chip size of a component depending on spacing of 
the 2nd field which extends the 2nd shape of a train or a straight line of a field of a direction. [ 2nd ] 
[ 2nd ] Generally the number of the 2nd fields which extend this the 2nd shape of a train or a straight 
line of a field of a direction is three or less typically in a semi-conductor light emitting device with a 
small chip size. [ 2nd ] 

[0081] In the 16th of this invention - the 45th invention, unless anythings other than the above are 
contrary to that property, having stated in relation to the 1st of this invention - the 15th invention is 
materialized. - 
w [0082] Invention of, the 46th of this, invention The 1st average dislocation density So that a nitride 

system group-III-V-semiconducter layer may be grown up on the principal plane of the nitride system 
group-III-V-semiconducter substrate which has the 2nd field which has the 2nd average dislocation 
density higher than the 1st average dislocation density all over the 1st field which consists of a crystal 
which it has It is the growth approach of the nitride system group-III-V-semiconducter layer carried 
out, and is characterized by making it a nitride system group-III-V-semiconducter layer not contact the 
2nd field and directly on the principal plane of a nitride system group-III-V-semiconducter substrate. 
[0083] Invention of the 47th of this invention The 1st average defect density So that a nitride system 
group-III-V-semiconducter layer may be grown up on the principal plane of the nitride system group-III- 
V-semiconducter substrate which has the 2nd field which has the 2nd average defect density higher 
than the 1 st average defect density all over the 1 st field which consists of a crystal which it has It is 
the growth approach of the nitride system group-III-V-semiconducter layer carried out, and is 
characterized by making it a nitride system group-III-V-semiconducter layer not contact the 2nd field 
and directly on the principal plane of a nitride system group-III-V-semiconducter substrate. 
[0084] All over the 1 st field which consists of a crystal, from this 1 st field, crystallinity is the growth 
approach of the nitride system group-III-V-semiconducter layer it was made to grow up a nitride 
system group-III-V-semiconducter layer on the principal plane of the nitride system group-IH-V- 
semiconducter substrate which has the 2nd bad field, and invention of the 48th of this invention is 
characterized by making it a nitride system group-III-V-semiconducter layer not contact the 2nd field 
and directly on the principal plane of a nitride system group-III-V-semiconducter substrate. 
[0085] Invention of the 49th of this invention is the growth approach of a semi-conductor layer of 
having made it grow up a semi-conductor layer on the principal plane of the semi-conductor substrate 
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which has the 2nd field which has the 2nd average dislocation density higher than the 1 st average 
dislocation density all over the 1st field which consists of a crystal which has the 1st average 
dislocation density. A semi-conductor layer is characterized by making it not contact the 2nd field and 
directly on the principal plane of a semi-conductor substrate. 

[0086] Invention of the 50th of this invention is the growth approach of a semi-conductor layer of 
having made it grow up a semi-conductor layer on the principal plane of the semi-conductor substrate 
which has the 2nd field which has the 2nd average defect density higher than the 1st average defect 
density all over the 1 st field which consists of a crystal which has the 1 st average defect density. A 
semi-conductor layer is characterized by making it not contact the 2nd field and directly on the 
principal plane of a semi-conductor substrate. 

[0087] All over the 1st field which consists of a crystal, from this 1st field, crystallinity is the growth 
approach of a semi-conductor layer of having made it grow up a semi-conductor layer on the principal 
plane of the substrate which has the 2nd bad field, and invention of the 51st of this invention is 
characterized by making it a semi-conductor layer not contact the 2nd field and directly on the principal 
plane of a semi-conductor substrate. 

[0088] Invention of the 52nd of this invention is the growth approach of a layer of having made it grow 
up a layer on the principal plane of the substrate which has the 2nd field which has the 2nd average 
dislocation density higher than the 1st average dislocation density all over the 1st field which consists 
of a crystal which has the 1 st average dislocation density, and is characterized by making it a layer not 
contact the 2nd field and directly on the principal plane of a substrate. 

[0089] Invention of the 53rd of this invention is the growth approach of a layer of having made it grow 
up a layer on the principal plane of the substrate which has the 2nd field which has the 2nd average 
defect density higher than the 1st average defect density all over the 1st field which consists of a 
crystal which has the 1st average defect density, and is characterized by making it a layer not contact 
the 2nd field and directly on the principal plane of a substrate. 

[0090] All over the 1st field which consists of a crystal, from this 1st field, crystallinity is the growth 
approach of a layer of having made it grow up a layer on the principal plane of the substrate which has 
the 2nd bad field, and invention of the 54th of this invention is characterized by making it a layer not 
contact the 2nd field and directly on the principal plane of a substrate. 

[0091] In the 46th of this invention - the 54th invention, it is the same with having stated in relation to 
the 1 st of this invention - the 1 5th invention about the ingredient of a nitride system group-III-V- 
semiconducter substrate, a nitride system group-III-V-semiconducter layer, a semi-conductor 
substrate, a semi-conductor layer, a substrate, and a layer. 

[0092] In this invention constituted as mentioned above The nitride system group-III-V-semiconducter 
layer which forms light emitting device structure or component structure, A semi-conductor layer or the 
layer which consists of various kinds of ingredients or on the principal plane of a nitride system group- 
III-V-semiconducter substrate, a semi-conductor substrate, or a substrate Since he is trying for 
crystallinity not to contact the 2nd bad field and directly highly [ average defect density ] more highly 
[ average dislocation density ] than the 1st field It can prevent that the bad influence by the 2nd field 
attains to the nitride system group-III-V-semiconducter layer which forms light emitting device 
structure or component structure, a semi-conductor layer, or the layer which consists of various kinds 
of ingredients. 
[0093] 

[Embodiment of the Invention] Hereafter, it explains, referring to a drawing about the operation gestalt 
of this invention. In addition, in the complete diagram of an operation gestalt, the sign identically same 
into a corresponding part is attached. Drawing 1 and drawing 2 show the GaN substrate 1 used in the 
1 st operation gestalt of this invention, and drawing^ A is [ the sectional view of the maximum contiguity 
direction of Field B and drawing. 2 of perspective view and drawing 1 B ] top views. This GaN substrate 
1 is field (0001) (C side) bearing in n mold, however, the GaN substrate 1 may be the thing of the Rth 
page, the Ath page, or M side bearing. In this GaN substrate 1, the field B where average dislocation 
density consists of a high crystal into the field A where average dislocation density consists of a low 
crystal has arranged periodically in the shape of a hexagonal lattice, here, although it is common to have 
an indeterminate multiple column-like configuration as for Field B, in drawing 1 A, it simplifies and has 
considered as the shape of a cylindrical shape (the following — the same). In this case, the straight line 
which connects field B of the maximum contiguity is in agreement with the <1-100> direction of GaN, 
and a direction equivalent to it. However, the straight line which connects field B of the maximum 
contiguity may be made in agreement with the <1 1-20> direction of GaN, and a direction equivalent to it. 
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Field B has penetrated the GaN substrate 1. The thickness of this GaN substrate 1 is 200-600 
micrometers, in addition, the broken line of drawing 2 is not a line (physical semantics — it is) which 
passes and exists really in a thing to show the relative physical relationship of Field B (the following — 
the same). 

[0094] The array period (spacing of the cores of the field B of the maximum contiguity) of Field B is 400 
micrometers, and the diameter is 20 micrometers. Moreover, 2x106 cm-2 and the average dislocation 
density of Field B of the average dislocation density of Field A are 1x108 cm-2. An example of 
distribution of radial dislocation density is shown in drawin g 3 from the core of Field B. This GaN 
substrate 1 can be manufactured as follows, using a crystal growth technique. The fundamental crystal 
growth mechanism used for manufacture of this GaN substrate 1 makes a rearrangement spread by 
having the slant face which consists of a facet side, growing up it, maintaining that facet side slant face 
and growing up it, and gathers a position. The field which grew according to this facet side turns into a 
defective field of a low consistency by migration of a rearrangement. It has the defective field of high 
density with a clear boundary, and growth is performed, and rearrangements gather to the boundary of 
the defective field of high density, or its interior, and are disappeared or accumulated in the facet side 
slant-face lower part here. The configuration of a facet side also changes with configurations of the 
defective field of this high density. When a defective field is a dot-like, facet sides surround by using the 
dot as a bottom, and the pit which consists of a facet side is formed. Moreover, when a defective field is 
a stripe-like, by making a stripe into the bottom of thread, it has a facet side slant face on the both 
sides, and becomes the facet side of the shape of prism of the triangle pushed down horizontally. Then, 
by giving grinding and polish on the surface of a growth phase, flattening of the front face can be carried 
out and it can consider as the gestalt which can be used as a substrate. Moreover, the defective field of 
the above-mentioned high density may have some conditions. For example, it may consist of polycrystal. 
Moreover, although it is a single crystal, it may fine-incline to a surrounding low consistency defective 
field. Moreover, C shaft may be reversed to a surrounding low consistency defective field. In this way, 
this high density defective field has the clear boundary, and is distinguished the surroundings. Without 
embedding the facet side around it by having this high density defective field and growing up it, a facet 
side can be maintained and growth can be gone on. This high density defective field can be generated by 
forming the seed in the location which forms a high density defective field beforehand, in case crystal 
growth of the GaN is carried out on a substrate substrate. The layer of an amorphous substance or 
polycrystal is formed as the kind. Moreover, a high density defective field can be exactly formed in the 
kind of field by growing up GaN. The concrete manufacture approach of this GaN substrate 1 is as 
follows. First, a substrate substrate is prepared. Although various substrates can be used as this 
substrate substrate and general silicon on sapphire is sufficient, when it takes removing at a back 
process into consideration, it is desirable to use the GaAs substrate which is easy to remove. And it is 

- Si02 on this substrate substrate. The kind which consists of film is formed. This kind of configuration 

can be made into the shape of the shape for example, of a dot, or a stripe. This kind is regular and can 
be formed. [ many ] More specifically, a seed is formed in this case by the arrangement corresponding to 
arrangement of the field B shown in drawing 2 . Then, thick-film growth of the GaN is carried out, for 
example by hydride vapor phase epitaxy (HVPE). The facet side according to the pattern configuration 
of a seed is formed in the front face of the thick-film layer of GaN after growth. When a seed is a dot- 
like pattern like this 1 st operation gestalt, the pit which consists of a facet side is formed regularly. On 
the other hand, when a seed is a stripe-like pattern, a prism-like facet side is formed, then, a substrate 
substrate — removing — further — the thick-film layer of GaN — a grinding process — polish 
processing is carried out and flattening of the front face is carried out. The GaN substrate 1 can be 
manufactured by this. Here, the thickness of the GaN substrate 1 can be set up freely. Thus, C side is a 
principal plane and the manufactured GaN substrate 1 is the substrate with which the high density 
defective field B of the shape of a dot of predetermined size (the shape of or a stripe), i.e., a field, was 
regularly formed into it. Compared with Field B, single crystal fields A other than Field B, i.e., a field, 
serve as low dislocation density. 

[0095] A broken line shows typically the rearrangement which exists in drawing 4 to the field B of this 
GaN substrate 1. If the GaN system semi-conductor layer L is grown up on such a GaN substrate 1 as 
shown in drawing 5 , in this GaN system semi-conductor layer L, a rearrangement will spread from the 
field B of the GaN substrate 1 of a substrate, and quality will deteriorate. 

[0096] Then, in this 1 st operation gestalt, as shown in drawing 6 , only depth D removes the upper part 
of Field B by etching. Depth D may be 1-10 micrometers. By carrying out like this, the front face of 
Field B can fully be separated from the principal plane of the GaN substrate 1 . and it is shown in drawin g 
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7 — as — this GaN substrate 1 top — organic metal chemical vapor deposition (MOCVD) — the GaN 
system semi-conductor layer L which forms component structure by law etc. is grown up. Since the 
field which this rearrangement spreads is limited very much to a part, the bad influence by that field can 
be prevented from attaining to the GaN system semi-conductor layer L which grew on the principal 
plane of the GaN substrate 1, although a rearrangement spreads from Field B into the part which grew 
on Field B among this GaN system semi-conductor layer L. 

[0097] Etching of Field B can be performed as follows. Generally, nitride system groups III— V 
semiconducter, such as GaN, are chemically stable, and if acids, such as hot strong bases, such as a 
sodium hydroxide, a strong hydrochloric acid, and a phosphoric acid, are removed, wet etching will not 
happen near a room temperature. However, Field B has much defect density high on dislocation density 
and a general twist target in the GaN substrate 1 compared with Field A. It is imperfect, and from the 
field A near perfect crystal, since the etch rate is quick, the integrated state of the atom with which this 
defect density constitutes a crystal from a high field B compared with Field A can etch Field B 
alternatively to Field A. Although the mask of the front face of Field A may be carried out and this 
etching may perform it by a resist etc., it can etch Field B alternatively also by carrying out overall 
etching of the GaN substrate 1 . In order to gather an etch rate, you may etch by making temperature of 
an etching reagent high. As for example, an alkali solution, a phosphoric acid etc. can be used for an 
etching reagent as a potassium hydroxide (KOH) and an acid. If the example of the etching approach is 
given, heating maintenance of the KOH solution put in into the etching tub will be carried out at 75 
degrees C, the GaN substrate 1 will be dipped for 10 minutes into it, the GaN substrate 1 after etching 
termination will be taken out, pure-water washing will be performed, and it will dry by the blow of 
desiccation nitrogen. By this etching, Field B is removable by about 5-micrometer Fukashi. The Ti/Pt 
film which carried out the laminating of Ti film with a thickness of 20nm and the Pt film with a thickness 
of 300nm one by one is formed in the rear face of the GaN substrate 1 with vacuum evaporation 
technique etc. if needed in order to prevent that the rear face of the GaN substrate 1 is etched at the 
time of this etching, and a field dry area etc. occurs, and it considers as a protective coat, and may be 
made to etch here after that. In addition, etching removal of this Ti/Pt film can be carried out with an 
aqua regia. 

[0098] In addition to the above-mentioned wet etching, dry etching like reactive ion etching (RIE) may 
perform etching of Field B, and thermochemical etching by carrying out fixed time amount heating 
maintenance at the temperature of 800 degrees C or more by the hydrogen ambient atmosphere, an 
ammonia ambient atmosphere, etc. may perform. 

[0099] Next, an example of the concrete manufacture process of the GaN system semiconductor laser 
using the GaN substrate 1 shown in drawing 6 is explained. Here, the GaN system semiconductor laser 
which has ridge structure and SCH (Separate Confinement Heterostructure) structure is explained. 

[0100] namely, the it top as shown in drawing 8 , after defecating the front face of the GaN substrate 1 

by thermal cleaning etc. first — MOCVD — by law The n mold GaN buffer layer 5, the n mold AIGaN 
cladding layer 6, the n mold GaN lightguide 7, the barrier layer 8 of the Ga1-x Inx N/Ga1-y Iny N 
multiplex quantum well structure of undoping, the undoping InGaN degradation prevention layer 9, the p 
mold AIGaN cap layer 10, Sequential epitaxial growth of the p mold GaN lightguide 11, the p mold AIGaN 
cladding layer 12, and the p mold GaN contact layer 13 is carried out. 

[0101] Here, thickness is 0.05 micrometers and, as for the n mold GaN buffer layer 5, Si is doped as an 
n mold impurity. Thickness is 1.0 micrometers, as for the n mold AIGaN cladding layer 6, Si is doped as 
an n mold impurity, and aluminum presentation is 0.08. Thickness is 0.1 micrometers and, as for the n 
mold GaN lightguide 7, Si is doped as an n mold impurity. For the Inx Ga1-x N layer thickness as for 
example, a well layer, x= 0.14 and the Iny Ga1-y N layer thickness as a barrier layer are [ y= 0.02 and 
the number of wells of the barrier layer 8 of undoping Inx Ga1-x N/Iny Ga1-y N multiplex quantum well 
structure ] 3 in 7nm at 3.5nm. 

[0102] An undoping InGaN degradation prevention layer 9 has the gray dead structure in which In 
presentation carries out monotone reduction gradually from the field which is in contact with the barrier 
layer 8 toward the field which is in contact with the p mold AIGaN cap layer 9, and the In presentation's 
in the field which is in contact with the barrier layer 8 corresponds with the In presentation y of the Iny 
Ga1-y N layer as a barrier layer of a barrier layer 8, and the In presentation in the field which is in 
contact with the p mold AIGaN cap layer 10 has become 0. The thickness of this undoping InGaN 
degradation prevention layer 9 is 20nm. 

[0103] Thickness is 10nm and, as for the p mold AIGaN cap layer 10, magnesium (Mg) is doped as a p 
mold impurity, aluminum presentation of this p mold AIGaN cap layer 10 is 0.2. This p mold AIGaN cap 
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layer 10 is for preventing overflow of the carrier (electron) from a barrier layer 8 while preventing In 
****$ing and deteriorating from a barrier layer 8 at the time of growth of the p mold GaN lightguide 1 1 , 
the p mold AIGaN cladding layer 12, and the p mold GaN contact layer 13. Thickness is 0.1 micrometers 
and, as for the p mold GaN lightguide 1 1 , Mg is doped as a p mold impurity. Thickness is 0.5 
micrometers, as for the p mold AIGaN cladding layer 12, Mg is doped as a p mold impurity, and aluminum 
presentation is 0.08. Thickness is 0.1 micrometers and, as for the p mold GaN contact layer 13, Mg is 
doped as a p mold impurity. 

[0104] moreover In Growth temperature of the n mold GaN buffer layer 5 which is a layer which is not 
included, the n mold AIGaN cladding layer 6, the n mold GaN lightguide 7, the p mold AIGaN cap layer 1 0, 
the p mold GaN lightguide 1 1 , the p mold AIGaN cladding layer 1 2, and the p mold GaN contact layer 1 3 
is made into about 1000 degrees C. Growth temperature of the barrier layer 8 of the Ga1-x InxN/Ga1-y 
Iny N multiplex quantum well structure which is a layer containing In is made into 700-800 degrees C, 
for example, 730 degrees C. The growth temperature of the undoping InGaN degradation prevention 
layer 9 sets it at the growth initiation time as 730 degrees C as well as the growth temperature of a 
barrier layer 8, and is raised after that, for example, linearly, and it is it at the growth termination time, 
and is made to become 835 degrees C as well as the growth temperature of the p mold AIGaN cap layer 
10. 

[0105] The growth raw material of these GaN system semi-conductor layers is NH3 as 
trimethylaluminum (CH3) (3 aluminum, TMA) and a raw material of In as a raw material of 
trimethylgallium (CH3) (3 Ga, TMG) and aluminum as a raw material of Ga considering trimethylindium 
(CH3) (3 In, TMI) as a raw material of N. It uses. Moreover, as carrier gas, it is H2, for example. It uses. 
About a dopant, a mono silane (SiH4) is used as an n mold dopant, and for example, screw = 
methylcyclopentadienyl magnesium (CH3 C five H4) (2 Mg) or screw = magnesium cyclopentadienyl (C 
five H5) (2 Mg) is used as a p mold dopant. 

[01 06] Next, the GaN substrate 1 into which the GaN system semi-conductor layer was grown up as 
mentioned above is picked out from an MOCVD system. All over the p mold GaN contact layer 1 3, and 
for example, a CVD method, a vacuum deposition method, Si02 whose thickness is 0.1 micrometers by 
the sputtering method etc. After forming the film (not shown), This Si02 Form the resist pattern (not 
shown) of the predetermined configuration corresponding to the configuration of the ridge section with 
lithography on the film, and this resist pattern is used as a mask, for example, the wet etching using the 
etching reagent of a fluoric acid system or CF4 CHF3 etc. — the RIE method using the etching gas 
containing a fluorine — Si02 The film is etched and it considers as the configuration corresponding to 
the ridge section. 

[0107] Next, this Si02 By etching by the RIE method by using the film as a mask by predetermined Mr. 
Fukashi of the thickness direction of the p mold AIGaN cladding layer 12, as shown in drawing 9 , the 
.. .ridge.14 which extends in the <1-100>.,direction is formed. The width of face of this ridge -14 is 3 
micrometers. For example, chlorine-based gas is used as etching gas of this RIE. 
[0108] Next, Si02 used as an etching mask Si02 whose thickness is 0.3 micrometers by the CVD 
method, the vacuum deposition method, the sputtering method, etc. all over a substrate after carrying 
out etching removal of the film An insulator layer 15 like the film is formed. This insulator layer 15 is a 
thing for electric insulation and a surface protection. 

[0109] Next, a wrap resist pattern (not shown) is formed for the front face of the insulator layer 15 of 
the field except p lateral electrode formation field with lithography. Next, opening 1 5a is formed by 
etching an insulator layer 1 5 by using this resist pattern as a mask. 

[01 10] Next, in the condition [ having left the resist pattern ], after carrying out sequential formation of 
for example, Pd film, Pt film, and the Au film with vacuum evaporation technique all over a substrate, a 
resist pattern is removed with Pd film, Pt film, and Au film which were formed on it (lift off). The p lateral 
electrode 16 which contacted the p mold GaN contact layer 13 through opening 15a of an insulator layer 
15 by this is formed. Here, thickness of Pd film which constitutes this p lateral electrode 16, Pt film, and 
Au film is set to 10nm, 100nm, and 300nm f respectively, for example. Next, alloy processing for carrying 
out ohmic contact of the p lateral electrode 1 6 is performed. 

[01 1 1] Next sequential formation of for example, Ti film, Pt film, and the Au film is carried out with a 
vacuum deposition method, and the n lateral electrode 1 7 of Ti/Pt/Au structure is formed in the rear 
face of the GaN substrate 1 . Here, thickness of Ti film which constitutes this n lateral electrode 1 7, Pt 
film, and Au film is set to 10nm, 50nm, and 100nm, respectively, for example. Next, alloy processing for 
carrying out ohmic contact of the n lateral electrode 1 7 is performed. 

[01 12] Next, as shown in drawing 10 , along with the border line of the component field 2 (lot surrounded 
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as the thick continuous line), cleavage performs scribing of the GaN substrate 1 with which laser 
structure was formed as mentioned above, it is processed into the laser bar 4, and both the resonators 
end face is formed. Next, after performing end-face coating to these resonator end faces, again, 
cleavage etc. performs scribing of this laser bar 4, and it is chip-ized. 

[01 13] In drawing 10 , the GaN system semiconductor laser whose gray rectangle is one is expressed, 
the straight line drawn near [ the ] the center is the laser stripe 3, and this is equivalent to the location 
of a luminescence field. Furthermore, the rectangle drawn with the broken line with which they stood in 
a row expresses the laser bar 4, and the long side of this laser bar 4 is equivalent to a resonator end 
face. 

[0114] The size of GaN system semiconductor laser is 600micrometerx346micrometer, and a longitudinal 
direction (the direction of a long side) divides a lengthwise direction (the direction of a shorter side) into 
the GaN system semiconductor laser of the size by performing SUKURAIBIN of a substrate, respectively 
along with the straight line which does not pass along Field B along with the straight line which connects 
Field B in the example shown in drawing 10 . 

[01 15] In this case, since Field B will exist only in a part for the edge surface part of the long side of 
each GaN system semiconductor laser, it is avoidable that the effect of Field B reaches a luminescence 
field by designing a component so that it may be located near [ to which the laser stripe 3 connects the 
middle points of a shorter side ] the straight line. Although formed in an end face by performing scribing 
of a substrate by cleavage etc. along with the straight line of the lengthwise direction in drawing 10 
about the mirror of a resonator, since the straight line does not pass along Field B, it is not influenced 
of the rearrangement in Field B. Therefore, a luminescence property is good and can obtain reliable GaN 
system semiconductor laser. The GaN system semiconductor laser which has the ridge structure and 
SCH structure which are made into the purpose by the above as shown in drawing 1 1 is manufactured. 
[01 16] As mentioned above, after according to this 1st operation gestalt the field B where average 
dislocation density is high removed the upper part of Field B by etching among the GaN substrates 1 
periodically arranged in the shape of a hexagonal lattice and separates the front face of Field B from the 
principal plane of the GaN substrate 1 in the field A where average dislocation density is low Since the 
GaN system semi-conductor layer which forms laser structure on this GaN substrate 1 is grown up, the 
bad influence of Field B can be prevented from attaining to the GaN system semi-conductor layer used 
for formation of laser structure. For this reason, a luminescence property is good and can realize GaN 
system semiconductor laser with it. [ it is reliable and long lasting ] 

[01 17] In addition, since according to this 1st operation gestalt the undoping InGaN degradation 
prevention layer 9 is formed in contact with a barrier layer 8 and the p mold AIGaN cap layer 10 is 
formed in contact with this undoping InGaN degradation prevention layer 9 While being able to ease 
sharply the stress generated in a barrier layer 8 by the p mold AIGaN cap layer 10 by the undoping 
InGaN degradation prevention layer 9, it can control effectively that Mg used as a p mold dopant of p 
type layer is spread in a barrier layer 7. 

[0118] Next, the 2nd operation gestalt of this invention is explained. As shown in drawing 1 2 , in this 2nd 
operation gestalt, etching removes all of the fields B of the GaN substrate 1, and that part is 
emasculated completely, and it is shown in drawi ng 1 3 — as — this GaN substrate 1 top — MOCVD — 
the GaN system semi-conductor layer L is grown up by law etc. Since things other than the above are 
the same as that of the 1st operation gestalt, explanation is omitted. Also according to this 2nd 
operation gestalt, the same advantage as the 1st operation gestalt can be acquired. 
[01 19] Next, the 3rd operation gestalt of this invention is explained. Although etching removal of the 
upper part of the field B of the GaN substrate 1 is carried out like the 1 st operation gestalt in this 3rd 
operation gestalt as shown in drawing 14 , dry etching, such as RIE, performs this etching in this case, 
then, growth conditions in which growth does not occur on Field B although growth occurs on Field A 
using the crystallinity of Field B being worse than the crystallinity of Field A — MOCVD — the GaN 
system semi-conductor layer L is grown up by law etc. Consequently, the GaN system semi-conductor 
layer L can grow only on the principal plane A of the GaN substrate 1, i.e., a field. Since things other 
than the above are the same as that of the 1 st operation gestalt, explanation is omitted. Also according 
to this 3rd operation gestalt, the same advantage as the 1 st operation gestalt can be acquired. 
[0120] Next, the 4th operation gestalt of this invention is explained. As shown in drawing 1 5 , in this 4th 
operation gestalt, etching removal of the upper part of the field B of the GaN substrate 1 is carried out 
like the 1 st operation gestalt. Then, although growth occurs on Field A using the crystallinity of Field B 
being worse than the crystallinity of Field A, on Field B, longitudinal direction growth of the GaN system 
semi-conductor layer L is carried out on growth conditions in which growth does not occur. 
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Consequently, the GaN system semi-conductor layer L carries out longitudinal direction growth from on 
the principal plane A of the GaN substrate 1 ( i.e., a field, it can meet in the upper part of Field B, and, 
finally flattening of the front face can be carried out. However, the GaN system semi-conductor layer L 
is not made to meet, but it is also good not to carry out flattening. Since things other than the above 
are the same as that of the 1 st operation gestalt, explanation is omitted. Also according to this 4th 
operation gestalt, the same advantage as the 1 st operation gestalt can be acquired. 
[0121] Next, the 5th operation gestalt of this invention is explained. It is Si02 so that the part of Field B 
may be completely covered among the principal planes of the GaN substrate 1 in this 5th operation 
gestalt, as shown in drawing 16 . The insulator layers 18, such as film, are formed. This insulator layer 18 
is completely good also as a wrap stripe configuration in the field B further located in a line with the 
single tier also as a polygon of the square which may be what kind of configuration as long as it can 
cover Field B completely, for example, includes Field B also as circular according to the configuration of 
Field B, and others, and the field A of a part in the meantime, next, it is shown in drawing 17 — as — 
this GaN substrate 1 top — MOCVD — the GaN system semi-conductor layer L is grown up by law etc. 
In order that an insulator layer 18 may play the role of a growth mask at this time, the GaN system 
semi-conductor layer L grows only on the principal plane of the GaN substrate 1 in the part which is not 
covered by this insulator layer 18. Since things other than the above are the same as that of the 1st 
operation gestalt, explanation is omitted. Also according to this 5th operation gestalt, the same 
advantage as the 1st operation gestalt can be acquired. 

[0122] Next, the 6th operation gestalt of this invention is explained. It is Si02 so that the part of Field B 
may be completely covered among the principal planes of the GaN substrate 1 like the 5th operation 
gestalt in this 6th operation gestalt, as shown in drawing 1 8 . The insulator layers 18, such as film, are 
formed, next, pass the process shown in drawing 18 and drawing 1 9 — the GaN substrate 1 top — 
MOCVD — longitudinal direction growth of the GaN system semi-conductor layer L is carried out by 
ELO using law etc. At this time, the GaN system semi-conductor layer L which carries out longitudinal 
direction growth on an insulator layer 18 meets. However, you may make it not make the GaN system 
semi-conductor layer L meet. Since things other than the above are the same as that of the 1 st 
operation gestalt, explanation is omitted. Also according to this 6th operation gestalt, the same 
advantage as the 1 st operation gestalt can be acquired. 

[0123] Next, the 7th operation gestalt of this invention is explained. As shown in drawing 20 , in this 7th 
operation gestalt, etching removal of the upper part of the field B of the GaN substrate 1 is carried out 
like the 1st operation gestalt. Next, it is Si02 to the whole surface of the GaN substrate 1. The insulator 
layers 18, such as film, are formed and the removal section of Field B is buried. Next, as shown in 
drawing 21 , it leaves this insulator layer 18 only to the removal section of Field B by performing 
etchback of an insulator layer 18 by the RIE method. Then, the GaN system semi-conductor layer L is : 
grown up on the. GaN substrate 1 like the 5th or 6th operation gestalt. Since things other than the 
above are the same as that of the 1 st operation gestalt, explanation is omitted. Also according to this 
7th operation gestalt, the same advantage as the 1 st operation gestalt can be acquired. 
[0124] Next, the 8th operation gestalt of this invention is explained. As shown in drawing 22 , in this 8th 
operation gestalt, etching removal of the upper part of the field B of the GaN substrate 1 is carried out 
like the 1st operation gestalt. Next, it is Si02 to the whole surface of the GaN substrate 1. The insulator 
layers 18, such as film, are formed. At this time, the thickness of this insulator layer 18 presupposes 
that it is small to extent with which the removal section of Field B is not buried completely. Next, the 
insulator layer 18 on Field A is removed by performing etchback of an insulator layer 18, for example by 
the RIE method. Then, the GaN system semi-conductor layer L is grown up on the GaN substrate 1 like 
the 5th or 6th operation gestalt. Since things other than the above are the same as that of the 1st 
operation gestalt, explanation is omitted. Also according to this 8th operation gestalt, the same 
advantage as the 1st operation gestalt can be acquired. 

[0125] Next, the 9th operation gestalt of this invention is explained. As shown in drawing 23 , in this 9th 
operation gestalt, etching removal of the upper part of the field B of the GaN substrate 1 is carried out 
like the 1st operation gestalt. Next, it is Si02 to the whole surface of the GaN substrate 1. After forming 
the insulator layers 18, such as film, and burying the removal section of Field B, patterning of this 
insulator layer 18 is carried out to the same configuration as the 5th operation gestalt by etching. Then, 
the GaN system semi-conductor layer L is grown up on the GaN substrate 1 like the 5th or 6th 
operation gestalt. Since things other than the above are the same as that of the 1 st operation gestalt, 
explanation is omitted. Also according to this 9th operation gestalt, the same advantage as the 1st 
operation gestalt can be acquired. 
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[0126] Next, the 10th operation gestalt of this invention is explained. Although etching removal of the 
upper part of the field B of the GaN substrate 1 is carried out like the 1st operation gestalt in this 10th 
operation gestalt as shown in drawing 24 , in this case, the etching depth is fully large, for example, is 
set to about dozens of micrometers. Next, as shown in drawing 25 , it is Si02 to the whole surface of 
the GaN substrate 1. The film etc. forms insulator layer 18. At this time, since the removal section of 
Field B is deep, this removal section is not completely buried by the insulator layer 1 8, but presupposes 
that a cavity is formed in the interior. Next, the insulator layer 1 8 on Field A is removed by performing 
etchback of an insulator layer 1 8, for example by the RIE method. Then, the GaN system semi- 
conductor layer L is grown up on the GaN substrate 1 like the 5th or 6th operation gestalt. Since things 
other than the above are the same as that of the 1 st operation gestalt, explanation is omitted. Also 
according to this 10th operation gestalt, the same advantage as the 1st operation gestalt can be 
acquired. 

[0127] Next, the 11th operation gestalt of this invention is explained. Although it is the same as the 1st 
operation gestalt in this 1 1th operation gestalt that Field B has arranged periodically in the shape of a 
hexagonal lattice in the field A of the GaN substrate 1 as shown in drawing 27 It differs from the 1st 
operation gestalt that the field C of the in-between average dislocation density of the average 
dislocation density of Field A and the average dislocation density of Field B is formed as a transition 
region between Field A and Field B. More than 1x108 cm-2 and the average dislocation density of Field 
C of less than [ 2x106 cm-2 ] and the average dislocation density of Field B are smaller than 1x108 cm- 
2, and its average dislocation density of Field A is larger than 2x106 cm-2, for example, (1-2), 
specifically, is about x107 cm-2. The array period (spacing of the cores of the field B of the maximum 
contiguity) of Field B is 300 micrometers, and the diameter is 20 micrometers. Moreover, the diameter of 
Field C is 1 20 micrometers. 

[0128] In this 1 1th operation gestalt, etching removes the upper part of both the field B of the GaN 
substrate 1, and the field C to etching having removed the upper part of the field B of the GaN 
substrate 1 in the 1 st operation gestalt. Since things other than the above are the same as that of the 
1st operation gestalt, explanation is omitted. Also according to this 1 1th operation gestalt, the same 
advantage as the 1 st operation gestalt can be acquired. 

[0129] Next, the 12th operation gestalt of this invention is explained. In this 12th operation gestalt, 
etching removes all of both the field B of the GaN substrate 1 , and the field C to etching having 
removed all of the fields B of the GaN substrate 1 in the 2nd operation gestalt. Since things other than 
the above are the same as that of the 1st and 11th operation gestalten, explanation is omitted. Also 
according to this 12th operation gestalt, the same advantage as the 1st operation gestalt can be 
acquired. 

[0130] Next, the 13th operation gestalt of this invention is explained; In this 13th operation gestalt, 
etching removes the upper part of both the field B of the GaN substrate, 1, and the field C to etching 
having removed the upper part of the field B of the GaN substrate 1 in the 3rd operation gestalt. Since 
things other than the above are the same as that of the 1st and 1 1th operation gestalten, explanation is 
omitted. Also according to this 13th operation gestalt, the same advantage as the 1st operation gestalt 
can be acquired. 

[0131] Next, the 14th operation gestalt of this invention is explained. In this 14th operation gestalt, 
etching removes the upper part of both the field B of the GaN substrate 1 , and the field C to etching 
having removed the upper part of the field B of the GaN substrate 1 in the 4th operation gestalt. Since 
things other than the above are the same as that of the 1st and 1 1th operation gestalten, explanation is 
omitted. Also according to this 14th operation gestalt, the same advantage as the 1st operation gestalt 
can be acquired. 

[0132] Next, the 15th operation gestalt of this invention is explained. It is a wrap by the insulator layer 
18 in both the field B of the GaN substrate 1, and the field C to having covered the field B of the GaN 
substrate 1 by the insulator layer 18 in the 5th operation gestalt in this 15th operation gestalt. Since 
things other than the above are the same as that of the 1st, 5th, and 1 1th operation gestalten, 
explanation is omitted. Also according to this 1 5th operation gestalt, the same advantage as the 1 st 
operation gestalt can be acquired. 

[0133] Next, the 16th operation gestalt of this invention is explained. It is a wrap by the insulator layer 
1 8 in both the field B of the GaN substrate 1 , and the field C to having covered the field B of the GaN 
substrate 1 by the insulator layer 18 in the 6th operation gestalt in this 16th operation gestalt. Since 
things other than the above are the same as that of the 1st, 5th, and 1 1th operation gestalten, 
explanation is omitted. Also according to this 16th operation gestalt, the same advantage as the 1st 
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operation gestalt can be acquired. 

[Q134] Next, the 17th operation gestalt of this invention is explained. In this 17th operation gestalt, 
etching removes the upper part of both the field B of the GaN substrate 1 , and the field C to etching 
having removed the upper part of the field B of the GaN substrate 1 in the 7th operation gestalt. Since 
things other than the above are the same as that of the 1st, 5th, and 1 1th operation gestalten, 
explanation is omitted. Also according to this 17th operation gestalt, the same advantage as the 1st 
operation gestalt can be acquired. 

[0135] Next, the 18th operation gestalt of this invention is explained. In this 18th operation gestalt, 
etching removes the upper part of both the field B of the GaN substrate 1 , and the field C to etching 
having removed the upper part of the field B of the GaN substrate 1 in the 8th operation gestalt. Since 
things other than the above are the same as that of the 1st, 5th, and 1 1th operation gestalten, 
explanation is omitted. Also according to this 18th operation gestalt, the same advantage as the 1st 
operation gestalt can be acquired. 

[0136] Next, the 19th operation gestalt of this invention is explained. In this 19th operation gestalt, 
etching removes the upper part of both the field B of the GaN substrate 1, and the field C to etching 
having removed the upper part of the field B of the GaN substrate 1 in the 9th operation gestalt. Since 
things other than the above are the same as that of the 1st, 5th, and 1 1th operation gestalten, 
explanation is omitted. Also according to this 19th operation gestalt, the same advantage as the 1st 
operation gestalt can be acquired. 

[0137] Next, the 20th operation gestalt of this invention is explained. In this 20th operation gestalt, 
etching removes the upper part of both the field B of the GaN substrate 1 , and the field C to etching 
having removed the upper part of the field B of the GaN substrate 1 in the 10th operation gestalt. Since 
things other than the above are the same as that of the 1st, 5th, and 1 1th operation gestalten, 
explanation is omitted. Also according to this 20th operation gestalt, the same advantage as the 1 st 
operation gestalt can be acquired. 

[0138] Next, the 21st operation gestalt of this invention is explained. As shown in drawing 28 , unlike the 
1st operation gestalt, in this 21st operation gestalt, the border line of the rectangular component field 2 
consists of a straight line which connects the cores of Field B also to that long side and shorter side. 
The location of the laser stripe 3 is made into the line top which connects the middle points of the 
shorter side of the component field 2 also in this case. By carrying out like this, it is avoidable that the 
effect of Field B reaches a luminescence field. 

[0139] In this 21st operation gestalt, that the mirror of a resonator is formed differs from the 1st 
operation gestalt by performing scribing by cleavage along with the border line of the component field 2 
which consists of a straight line which connects the cores of Field B. Here, since Field B has many 
rearrangements, it is thought that it is easy to break from Field A. Therefore, if scribing is performed 
along with the straight line-which connects field B, so to speak, cleavage also of the part of Field A will 
be finely carried out for Field B sure enough in a role like a perforation. Under the present 
circumstances, although it does not necessarily become flat since the end face of the part of Field B 
has many rearrangements, the end face of the part of the field A in the meantime becomes flat. 
[0140] Although it is a part for the edge surface part of the laser stripe 3 that surface smoothness is 
needed, if it is arrangement as shown in drawing 28 , the end face of the part of Field B does not have 
****** in a luminescence property etc. in a bad influence. Since things other than the above are the 
same as that of the 1st operation gestalt, explanation is omitted. Also according to this 21st operation 
gestalt, the same advantage as the 1st operation gestalt can be acquired. 

[0141] Next, the 22nd operation gestalt of this invention is explained. Drawing 29 is the top view 
showing the GaN substrate used in this 22nd operation gestalt. As shown in drawing 29 , in this 22nd 
operation gestalt, the component field 2 is demarcated so that Field B may not be included in the laser 
stripe 3. Here, the laser stripe 3 has separated 50 micrometers or more from Field B. In this case, two 
fields B will be included in the component field 2. Since things other than the above are the same as 
that of the 1st operation gestalt, explanation is omitted. According to this 22nd operation gestalt, the 
same advantage as the 1 st operation gestalt can be acquired. 

[0142] Next, the 23rd operation gestalt of this invention is explained. Drawing 30 is the top view showing 
the GaN substrate used in this 23rd operation gestalt. This GaN substrate 1 is C side bearing in n mold, 
however, the GaN substrate 1 may be the thing of the Rth page, the Ath page, or M side bearing. In this 
GaN substrate 1, in the <1 1-20> direction of GaN, it arranged periodically at intervals of 400 
micrometers, and the field B where average dislocation density consists of a high crystal into the field A 
where average dislocation density consists of a low crystal has arranged periodically at intervals of 20 - 
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100 micrometers for example, in the <1-100> direction which intersects perpendicularly with the <11- 
£0> direction. However, the <1 1-20> direction and the <1-100> direction may be replaced. 
[0143] In this 23rd operation gestalt, as shown in drawing 31 , the component field 2 is demarcated so 
that a passage and the laser stripe 3 may be located near the center of the field between the trains of 
this field B by the end face of a pair parallel to the laser stripe 3 in the train of the field B of the <1- 
100> direction. In this case, in the component field 2, the train of Field B is not included substantially. 
Since things other than the above are the same as that of the 1st operation gestalt, explanation is 
omitted. According to this 23rd operation gestalt, the same advantage as the 1 st operation gestalt can 
be acquired. 

[0144] Next, the 24th operation gestalt of this invention is explained. Although the same GaN substrate 
1 as the 23rd operation gestalt is used in this 24th operation gestalt as shown in drawing 32 , it is the 
point which one end face parallel to the laser stripe 3 passes along the train of the field B of the <1- 
100> direction, and passes along the location where the other-end side separated from the train of this 
field B, and differs from the 23rd operation gestalt. In this case, in the component field 2, the train of 
Field B is not included substantially. Since things other than the above are the same as that of the 23rd 
and 1st operation gestalten. explanation is omitted. According to this 24th operation gestalt, the same 
advantage as the 1 st operation gestalt can be acquired. 

[0145] Next, the 25th operation gestalt of this invention is explained. Although the same GaN substrate 
1 as the 23rd operation gestalt is used in this 25th operation gestalt as shown in drawing 33 The end 
face of a pair parallel to the laser stripe 3 differs from the 23rd operation gestalt in that the component 
field 2 is demarcated so that all may be located between the trains of the field B of the <1-100> 
direction and the laser stripe 3 may be located near the center of the field between the trains of this 
field B. In this case, in the component field 2, the train of Field B is not included substantially. Since 
things other than the above are the same as that of the 23rd and 1 st operation gestalten, explanation is 
omitted. According to this 25th operation gestalt, the same advantage as the 1 st operation gestalt can 
be acquired. 

[0146] Next, the 26th operation gestalt of this invention is explained. Although the same GaN substrate 
1 as the 23rd operation gestalt is used in this 26th operation gestalt as shown in drawing 34 One end 
face parallel to the laser stripe 3 the train of the field B of the <1-100> direction A passage, It differs 
from the 23rd operation gestalt at the point passing through the location where it was located between 
the trains and the trains of the next field B of the field B where an other-end side adjoins the train of 
this field B immediately, and the laser stripe 3 separated 50 micrometers or more from the train of Field 
B. In this case, in the component field 2, the train of Field B is included one. Since things other than the 
above are the same as that of the 23rd and 1 st operation gestalten, explanation is omitted. According to 
this 26th operation gestalt, the same advantage as the 1st operation gestalt can be acquired. 
[0147] Next, the-27th ,operation gestalt of this invention is explained. Although the same GaN substrate 
1 as the 23rd operation gestalt is used in this 27th operation gestalt as shown in drawing 35 The 
location where one end face parallel to the laser stripe 3 separated from the train of the field B of the 
<1-100> direction A passage, It differs from the 23rd operation gestalt at the point passing through the 
location where it was located between the trains and the trains of the next field B of the field B where 
an other-end side acjjoins the train of this field B immediately, and the laser stripe 3 separated 50 
micrometers or more from the train of Field B. In this case, in the component field 2, the train of Field B 
is included one. Since things other than the above are the same as that of the 23rd and 1 st operation 
gestalten, explanation is omitted. According to this 27th operation gestalt, the same advantage as the 
1 st operation gestalt can be acquired. 

[0148] Next, the 28th operation gestalt of this invention is explained. Drawing 36 is the top view showing 
the GaN substrate 1 used in this 28th operation gestalt. The field B of this GaN substrate 1 is the same 
as that of the GaN substrate 1 used in the 10th operation gestalt except for having arranged periodically 
at intervals of 200 micrometers in the <1 1-20> direction of GaN. In this case, in the component field 2, 
the train of Field B is included two. 

[0149] As shown in drawing 36 , in this 28th operation gestalt, it is located near the center of the field 
between the trains of the field B where the laser stripe 3 ac[joins, and the end face of a pair parallel to 
the laser stripe 3 is located near those centers that are the fields between the trains of the outside field 
B immediately as the train of these fields B. Since things other than the above are the same as that of 
the 23rd and 1 st operation gestalten, explanation is omitted. According to this 28th operation gestalt, 
the same advantage as the 1 st operation gestalt can be acquired. 

[0150] Next, the 29th operation gestalt of this invention is explained. Drawing 37 is the top view showing 
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the GaN substrate used in this 29th operation gestalt. This GaN substrate 1 is C side bearing in n mold, 
^wever, the GaN substrate 1 may be the thing of the Rth page, the Ath page, or M side bearing. In this 
GaN substrate 1 , average dislocation density consisted of a high crystal into the field A where average 
dislocation density consists of a low crystal, and it has arranged periodically for example, at intervals of 
400 micrometers in the <1 1— 20> direction in which the <1-100> direction and the field B which extends 
in the <1-100> direction of GaN at a line cross at right angles. However, the <1-100> direction and the 
<1 1-20> direction may be replaced. 

[0151] In this 29th operation gestalt, as shown in drawing 38 , the component field 2 is demarcated so 
that a passage and the laser stripe 3 may be located near the center of the field between this field B by 
the end face of a pair parallel to the laser stripe 3 in Field B. In this case, in the component field 2, the 
train of Field B is not included substantially. Since things other than the above are the same as that of 
the 1 st operation gestalt, explanation is omitted. According to this 29th operation gestalt, the same 
advantage as the 1 st operation gestalt can be acquired. 

[0152] Next, the 30th operation gestalt of this invention is explained. Although the same GaN substrate 
1 as the 29th operation gestalt is used in this 30th operation gestalt as shown in drawin g 39 , it is the 
point which one end face parallel to the laser stripe 3 passes along Field B, and passes along the 
location where the other-end side separated from the train of this field B, and differs from the 29th 
operation gestalt. In this case, in the component field 2, the train of Field B is not included substantially. 
Since things other than the above are the same as that of the 29th and 1 st operation gestalten, 
explanation is omitted. According to this 30th operation gestalt, the same advantage as the 1 st 
operation gestalt can be acquired. 

[0153] Next, the 31st operation gestalt of this invention is explained. Although the same GaN substrate 
1 as the 29th operation gestalt is used in this 31st operation gestalt as shown in drawing 40 , it is the 
point that the component field 2 is demarcated so that each end face of a pair parallel to the laser 
stripe 3 may be located between Fields B and the laser stripe 3 may be located near the center of the 
field between this field B, and differs from the 29th operation gestalt. In this case, in the component 
field 2, the train of Field B is not included substantially. Since things other than the above are the same 
as that of the 29th and 1st operation gestalten, explanation is omitted. According to this 31st operation 
gestalt, the same advantage as the 1 st operation gestalt can be acquired. 

[0154] Next, the 32nd operation gestalt of this invention is explained. Although the same GaN substrate 
1 as the 29th operation gestalt is used in this 32nd operation gestalt as shown in drawing 41 It differs 
from the 29th operation gestalt at the point passing through the location where one end face parallel to 
the laser stripe 3 passed along Field B, and it was located between the field B where an other-end side 
adjoins the train of this field B immediately, and its next field B, and the laser stripe 3 separated 50 
micrometers or more from Field B.-In this case, one field B is included in the component field 2. Since 1 
things other than the above are the same as that of the 29th and 1st operation gestalten, explanation is 
omitted. According to this 32nd operation gestalt, the same advantage as the 1st operation gestalt can 
be acquired. 

[0155] Next, the 33rd operation gestalt of this invention is explained. Although the same GaN substrate 
1 as the 29th operation gestalt is used in this 33rd operation gestalt as shown in drawing 42 It differs 
from the 29th operation gestalt at the point passing through the location where it passed along the 
location where one end face parallel to the laser stripe 3 separated from Field B, and was located 
between the field B where an other-end side adjoins this field B immediately, and its next field B, and 
the laser stripe 3 separated 50 micrometers or more from Field B. In this case, in the component field 2, 
the train of Field B is included one. Since things other than the above are the same as that of the 29th 
and 1st operation gestalten, explanation is omitted. According to this 33rd operation gestalt, the same 
advantage as the 1 st operation gestalt can be acquired. 

[0156] Next, the 34th operation gestalt of this invention is explained. Drawing 43 is the top view showing 
the GaN substrate 1 used in this 34th operation gestalt. The field B of this GaN substrate 1 is the same 
as that of the GaN substrate 1 used in the 29th operation gestalt except for having arranged periodically 
at intervals of 200 micrometers in the <1 1-20> direction of GaN. In this case, in the component field 2, 
the train of Field B is included two. 

[0157] As shown in drawing 43 , in this 34th operation gestalt, it is located near the center of the field 
between the fields B where the laser stripe 3 adjoins, and the end face of a pair parallel to the laser 
stripe 3 is located near those centers that are the fields between the outside fields B immediately as 
these fields B. Since things other than the above are the same as that of the 29th and 1st operation 
gestalten, explanation is omitted. According to this 34th operation gestalt, the same advantage as the 
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1 st operation gestalt can be acquired. 

.fft1 58] As mentioned above, although the operation gestalt of this invention was explained concretely, 
this invention is not limited to an above-mentioned operation gestalt, and various kinds of deformation 
based on the technical thought of this invention is possible for it. 

[0159] For example, it may not pass over the numeric value mentioned in the above-mentioned 
operation gestalt, structure, a substrate, a raw material, a process, etc. for an example to the last, but a 
different numeric value from these, structure, a substrate, a raw material, a process, etc. may be used if 
needed. 

[0160] In an above-mentioned operation gestalt, although the case where this invention was applied to 
manufacture of the GaN system semiconductor laser of SCH structure was explained, specifically That 
this invention may be applied to manufacture of the GaN system semiconductor laser of for example, 
DH (Double Heterostructure) structure, of course You may apply to manufacture of GaN system light 
emitting diode, and may apply to the electronic transit component using nitride system groups III— V 
semiconducter, such as the GaN system FET and a GaN system heterojunction bipolar transistor (HBT), 
further. 

[0161] Moreover, in an above-mentioned operation gestalt, the GaN substrate 1 may be formed on 
different-species substrates, such as silicon on sapphire. 

[0162] moreover, an above-mentioned operation gestajt — setting — growth of a GaN system semi- 
conductor layer — MOCVD — although law is used — growth of a GaN system semi-conductor layer - 
- hydride vapor phase epitaxial growth or halide vapor phase epitaxial growth (HVPE), and molecular 
beam epitaxy (MBE) — other growth approaches, such as law, may be used. 

[0163] furthermore, an above-mentioned operation gestalt — setting — MOCVD — as the carrier gas 
at the time of growing up by law — H2 although gas is used — the need — responding — other carrier 
gas, H2 [ for example, ], N2 Or mixed gas with helium, Ar gas, etc. may be used. Moreover, in an above- 
mentioned operation gestalt, although the resonator end face is formed by cleavage, a resonator end 
face may be formed by dry etching like RIE. 
[0164] 

[Effect of the Invention] The nitride system group-III-V-semiconducter layer which forms light emitting 
device structure or component structure according to this invention as explained above, A semi- 
conductor layer or the layer which consists of various kinds of ingredients or on the principal plane of a 
nitride system group-III-V-semiconducter substrate, a semi-conductor substrate, or a substrate Since 
he is trying for crystallinity not to contact the 2nd bad field and directly highly [ average defect 
density ] more highly [ average dislocation density ] than the 1st field The bad influence by the 2nd field 
can be prevented from attaining to the nitride system group-III-V-semiconducter layer which forms light 
emitting device structure or component structure, a semi-conductor layer, or the layer which consists 
of various kinds of ingredients. For this reason, properties, such as a luminescence property, are good, a 
long lasting reliable semi-conductor light emitting device or a reliable long lasting property is good, a 
long lasting reliable semiconductor device or a reliable long lasting property is good, and various kinds of 
reliable long lasting components can be realized. 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view and sectional view showing the GaN substrate used in the 1st 
operation gestalt of this invention. 

[Drawing 2] It is the top view showing the GaN substrate used in the 1st operation gestalt of this 
invention. 

[Drawing 3] It is the approximate line Fig. showing an example of distribution of dislocation density [ / 
near the field B of the GaN substrate used in the 1st operation gestalt of this invention ]. 
[Drawing 4] It is a sectional view for explaining the example of a comparison with the 1 st operation 
gestalt of this invention. 

[Drawing 5] It is a sectional view for explaining the example of a comparison with the 1st operation 
gestalt of this invention. 

[Drawing 6] It is the sectional view showing the GaN substrate used in the 1st operation gestalt of this 
invention. 

[Drawing 7] It is the sectional view showing the condition of having grown up the GaN system semi- 
conductor layer on the GaN substrate in the 1 st operation gestalt of this invention. 
[Drawing 8] It is a sectional view for explaining the manufacture approach of the GaN system 
semiconductor laser by the 1 st operation gestalt of this invention. 

[Drawing 9] It is a sectional view for explaining the manufacture approach of the GaN system 
semiconductor laser by the 1st operation gestalt of this invention. 

[Drawing 1 0] It is a top view for explaining the manufacture approach of the GaN system semiconductor 
laser by the 1st operation gestalt of this invention. 

[D rawing 1 1 ] It is a sectional view for explaining the manufacture approach of the GaN system 
semiconductor laser by the 1st operation gestalt of this invention. 

[Drawing 12] It is the sectional view showing the GaN substrate used in the 2nd operation gestalt of this 
invention. 

[Drawing 13] It is the sectional view showing the condition of having grown up the GaN system semi- 
conductor layer on the GaN substrate in the 2nd operation gestalt of this invention. 
[Drawing 14] It is the sectional view showing the condition of having grown up the GaN system semi- 
conductor layer on the GaN substrate in the 3rd operation gestalt of this invention. 
iDl^JBSJ^l It is the sectional view showing the condition of having grown up the GaN system semi- 
conductor layer on the GaN substrate in the 4th operation gestalt of this invention. 
[Drawing 16] It is the sectional view showing the GaN substrate used in the 5th operation gestalt of this 
invention. 

[Drawing 1 7] It is the sectional view showing the condition of having grown up the GaN system semi- 
conductor layer on the GaN substrate in the 5th operation gestalt of this invention. 
[Drawing 18] It is the sectional view showing the condition of having grown up the GaN system semi- 
conductor layer on the GaN substrate in the 6th operation gestalt of this invention. 
[Drawing 19] It is the sectional view showing the condition of having grown up the GaN system semi- 
conductor layer on the GaN substrate in the 6th operation gestalt of this invention. 

[ Drawing 20] It is a sectional view for explaining the manufacture approach of the GaN substrate used in 
the 7th operation gestalt of this invention. 

[Drawing 21] It is a sectional view for explaining the manufacture approach of the GaN substrate used in 
the 7th operation gestalt of this invention. 

[Drawing 22] It is the sectional view showing the GaN substrate used in the 8th operation gestalt of this 
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invention. 

/D rawing 23] It is the sectional view showing the GaN substrate used in the 9th operation gestalt of this 
invention. 

[Drawing 24] It is a sectional view for explaining the manufacture approach of the GaN substrate used in 
the 10th operation gestalt of this invention. 

[Drawing 25] It is a sectional view for explaining the manufacture approach of the GaN substrate used in 
the 10th operation gestalt of this invention. 

[Drawing 26] It is a sectional view for explaining the manufacture approach of the GaN substrate used in 
the 10th operation gestalt of this invention. 

[Drawing 27] It is the top view showing the GaN substrate used in the 1 1th operation gestalt of this 
invention. 

[Drawing 28] It is a top view for explaining the manufacture approach of the GaN system semiconductor 
laser by the 21st operation gestalt of this invention. 

[Drawing 29] It is a top view for explaining the manufacture approach of the GaN system semiconductor 
laser by the 22nd operation gestalt of this invention. 

[Drawing 30] It is a top view for explaining the manufacture approach of the GaN system semiconductor 
laser by the 23rd operation gestalt of this invention. 

[Drawing 31] It is a top view for explaining the manufacture approach of the GaN system semiconductor 
laser by the 23rd operation gestalt of this invention. 

[Drawing 32] It is a top view for explaining the manufacture approach of the GaN system semiconductor 
laser by the 24th operation gestalt of this invention. 

[Drawing 33] It is a top view for explaining the manufacture approach of the GaN system semiconductor 
laser by the 25th operation gestalt of this invention. 

[Drawing 34] It is a top view for explaining the manufacture approach of the GaN system semiconductor 
laser by the 26th operation gestalt of this invention. 

[Drawing 35] It is a top view for explaining the manufacture approach of the GaN system semiconductor 
laser by the 27th operation gestalt of this invention. 

[Drawing 36] It is a top view for explaining the manufacture approach of the GaN system semiconductor 
laser by the 28th operation gestalt of this invention. 

[Drawing 37] It is a top view for explaining the manufacture approach of the GaN system semiconductor 
laser by the 29th operation gestalt of this invention. 

[Drawing 38] It is a top view for explaining the manufacture approach of the GaN system semiconductor 
laser by the 29th operation gestalt of this invention. 

[Drawing 39] It is a top view for explaining the manufacture approach of the GaN system semiconductor 
laser by the 30th operation gestalt of this invention. 

[Drawing 40] It is a top view for explaining the manufacture approach of the GaN system semiconductor 
laser by the 31 st operation gestalt of this invention. 

[Drawing 41] It is a top view for explaining the manufacture approach of the GaN system semiconductor 
laser by the 32nd operation gestalt of this invention. 

[Drawing 42] It is a top view for explaining the manufacture approach of the GaN system semiconductor 
laser by the 33rd operation gestalt of this invention. 

[ Drawing 43] It is a top view for explaining the manufacture approach of the GaN system semiconductor 
laser by the 34th operation gestalt of this invention. 
[Description of Notations] 

1 ... a GaN substrate and 2 ... a component field and 3 ... a laser stripe and 5 ... an n mold GaN buffer 
layer and 6 ... an n mold AIGaN cladding layer and 7 ... an n mold GaN lightguide and 8 ... a barrier layer 
and 9 ... an undoping InGaN degradation prevention layer and 10 ... a p mold AIGaN cap layer and 11 ... a 
p mold GaN lightguide and 12 ... a p mold AIGaN cladding layer and 13 ... a p mold GaN contact layer and 
14 ... a ridge, and 15 and 18 — ... — an insulator layer and 16 — ... — n lateral electrode and 17 ... — p 
lateral electrode 



[Translation done.] 
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[iit#«3] ±mflsM* 1 1 1 -vimis***** 

■ **S**Sl»t±IEJB2©«*S:±|E*ft:**I I 20 
* LT4S < J: 5 Ufc d t fc f 2 Gfto 

H»#K 4 ] ±EBf £©$§ $ « i n m W±-Cfo 5 r b 

ft. 

[11*96 1 jjB&wvai 1 1 -vmt&to*mft 30 

«t 5 K. Lit Z b b -t * tt&g 2 12«©¥*g#3g#; 

fesr b **mbi-zm#i%7Rm<D¥mft%%m*c> 

*> 5 d t fcflr* 1-Sf«*JS 7 SE*fc©iNgttfg#£*© 

1 ] ±.ie.mm% 1 1 1 -vmit&to^m 

Htric±ism 2 ©®«©&ffi«r*fi« ST? 
SctJ3< J: 5 K Ltcz b ZftWiblrZffi&m 1 fE«t© 

imxm 1 2 1 ±isjg 2 «>««^±ettft«^ 1 1 1 50 
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1 3 ] ±IESB 2 ©«B«;W* $ titz®#fr± 
m&B. 1 4 ] ±1EttWl0)*Iitt±eftfc«bX I I 

1 5 1 ±mmmn&m\±±&mmjk \ 1 
1 -vmfo&®>¥mftmmo£mb-&Lx^zzb* 

[M*« 1 6 ] ±.im®LV>% 2 0ffttttfl»ltiKE9!l 
fO>5 r. b &#mti-5»5fc« 1 feft©*igfl38}fe3j5 
^©Mifcfrfe 

[f»*« 1 7 ] ±|E&iSC©S& 2 ©«*tt*#**:Rfc 

s»iwfcsa?ij ltv^ r b *®mbi-%wrm. 1 fafc© 

[111*3 1 8 ] ±IE®&©3g 2 ©fcHatt&^te^JK 
IdSJH WfcEfll UT v > 3 i i b 1" l E® 

[Ht*« 1 9 1 ±E«IS©^ 2 ©«*ttIE*«hT-*Jc 
JSfflWI^J LT^5 d t Sr#8lci-r5fl*9 1 E®© 
^^fflS5fem^©S!ig*teo 

[f«*«2 0] £^KI8&1-5-0©±SES&2©fctt£ 

E^©*»»ll*^^©§l!it*ffi. 

©MPS« 5 0 mWffcS.: t Sr#{St i 1" 5ft#JS 1 
E«t©*»frl53t3fl^©S!jtm 

©FpflRStti o 0fim^±-efe5r i:^#mt-r5if*« 

1 Ett©¥«ftBtti!i^©S{ii2f*fc. 

[ft*92 3] ±E^2©^Jg©ga?lJ^^«2 O^rn 
y±-efe5ni:Sr#»t1-5l!t*«l 6C«o¥«K8 
ttS?*©$iig2ffe. 

[!9*:9[2 4] ±E|g2©^©iE5IJ^^J4 5 0 /im 

[ft *9 2 5 ] .hIESg 2 ©®«©iB5iJJi»itt 10 0^ 

5§3t*^©i!!it*j£„ 
[St*9 2 6 ] JbiESI 2 Ofl|«tt^Sg#fta«©JK« 
Sr«-T5 d b Z¥r®b i-5i9*« i fafto^V^^X 

^©Siag^jfe. 

[t»*«2 7] ±ia« i©®« b±sm 2 ©ffl«t© 

W^±EfH©¥*&fe^fSi;t)ii5<, ^^±15^2© 
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im*m 2 s ] ±fimb®% 1 1 1 - vmit&®*m 
*i#±e*fls*3R 1 1 1 -vMit&v>>*mfr&m<o± 
a±-e±f5® 2 <D<m.& «t ±15® 3 t mmmm 

[if#Jg2 9] ±fsgfc$iau 1 1 -vsm^i 

ftjf £-£5lifJl-±f5® 2 <D®*£*Sct tf±f5® 3 <D 

mmzkummik 1 1 1 -vmit&v>>¥mft&m<n± io 

ffiA»£>'>ft < b t>-gBI&* LTfc < «t 5 Lfc r t 
Iif#Jf3 0] ±15® 2 1 0 // m£Lh 

i 0 0MmWT-efo€.r,!;Sr^mt1-Sff*«ilEfcro 

[ft *m 3 1 ] ±15® 2 <£>m*$tf>it:&l4 2 0 /x mCli 
5 0 n m&,T-Qh*> w £ *®mb1rZ>mJm 1 f5«tf>¥ 

[if im 3 2 1 ±!S® 3 <DfS$©(tt®li±i5® 2 ©I 
^(DKSi'P 2 0A/mJW±2 0 0jum«T^:tV^t% 20 

3 3 ] ±15® 3 <Dm®<omm\t±.w.% 2 wis 

^(OE^i 19 4 0)iinK±l 6 0 /xmgAT^t^CltS: 

lit 3 4 ] ±i5® 3 <Dm®<oWMn±$zm 2 0® 

igc^tt&J: <9 6 OMmKil 4 0 mgT^t i: & 

#^ii-5if*S2 7mw.<D*m#%]tmf-<DMm3> 

jfe„ 30 
[if #9 3 5 ] ±15® 2 O^<0¥^tete^att±IE 

® i om®<n¥t$>mtiL®m<D 5 ^w±-c& art 

1 1"-5^*JI 1 l5iico^igfr|g)t^(Di!ijt*ft 0 
[if #9 3 6 ] ±15® 2 0®igc»¥*&«{fi:SSStt 1 X 
10* cm" 2 y±-C&5rt?r#mt-r5ff*3lll5tt 

[if #9 3 7 ] ±15® 1 oigyw^ft&gte 2 X 
10* cm" 1 i^T> ±15® 2 (D^ro5piJjiK^?ggtt 1 
X10* cm" 2 gtiTfcSr ir^^i1-5if3j?9ll5 
tfe(0^ft:5g3t^^©iJitm 40 

[if #9 3 8 1 ±i5® i <Dmm<ow-mm^m-± 2 x 

10* cm"KT, ±15® 2 <7)^«0^ig{4?Bgl* 1 
X 1 0* cm" 2 W±, ±E®3»^(D¥^i)£{S?gSfi 
1 X l o" cm" 1 i0/h*<, 2X10* cm" 2 it)^: 

t ^zb&®wibt?>m*iK2 7w.mn*m#mftm* 
iif^«3 9] ±&mm% 1 1 1 -v^t^^ 

(fcSMRUA 1 1 B,Gahrrt In. As, Ni-»-. 
P. (fcfc'U O^x^l, OiySl, O^z^l, 
O^u^l, Ogv^l, 0^x + y+z<l, OSu 50 
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+ v<l) ^t.^5rt^#mt1-5if*«ll5«0^ 

[if 0 ] ±f5gffc^ I I I -Vlft^*« 
ftSlgfSAlx B,Ga,-r-, In. N (fcfc'U 0 
^x^K 0£y£l. Ogz^l, 0^x+y+z< 

i) frbftzzb*¥fmb-f?>®*mi&.®<D¥mfrm 

[fff*Jl4 1 ] ±f5gfcte^ I I I -vm-g-fe^ 

ftS&liAli Ga,-« I n. N (fc/cU 0^x^ 
1, O^z^l) ^P)/i5r t5r#mt1-5i«*JSlf5 

iif*«4 2 1 ±fsgfl*^ 1 1 1 - vm<k&®*m 
#mmz g a n A>e> 4 5 r b mm 1 1- a if 1 15® 

[fff*« 4 3 ] ±!S¥3?tt3§#5li^Wig# U— !f -C 
5 d b Srffltt t fSifl*« l EftO^^Jt^^ro 

Iff 4 4 ] ±15*£tt3§)fc^ tt&ft^ K 
ffe5rt t -f Sif #9 1 i5fctf>¥i?r#$8#fi?^ 

[ff#«4 5 ] ® 1 <D¥-%3Xfa®8ttt1-Z>%i&frb 

ft -s® i <z>fs«w k±is® i (DW-^m^ma v m^m 
E^JLTv^5g{b^^I 1 1 -vmt&m*mftmL<r> 

±ffi±l^3fe^#iS^^-f I I \-vm 

<k£®*mm m&£-£zzb\zi:<o 

±!5^{tfe^I I I -V^^^^l^±f5Sft#) 
^1 I I -V^^^^StRO±ffi±-C±|5®2 0 

[m*«4 6] ^al^feft?.®l<0^t>ICw<0®l 
co^RisEJ; <0 igf B tt^iSv«ro® 2 0®«c^^iJWlcg2 

BB±»c|S^^«igSr^i-5^t^^ I I I -vmit 
&®¥-mWm *fi£ft^-B:5wi:tcj;t) ^^^^^^ Sr 

±.Umm7h I I I -V^{t^*#(*:^*s±|5^{l:#) 
% \ I I -V^li^¥«(*:Sffiro±S±-C±f5®2ro 

t mmm u ft v > <t 5 1- u r t 1 1- s 

[iff*«4 7 ] ±15® 1 W^tt*iS^t?fo 9 . ±15 

<r> - ±tm& l tz i> 5 ^ b £ t -r 5 w * 
«4 6 &m<D*m#&%.%*<ommj3&o 

[»*94 8 ] ® 1 oiptsj^^a^^r-f-siigHid^ 
ft 5® 1 ©©$^±15® 1 <o m^m 

2 o^K(te&SB«^Wi-5lSlgtw® 2 w^«^«IiJW»c 



5 

EJ»JL"0*5aflS*3Rl I I -vUEfc&lfciMMtapIS© 
±iB±lc#^«|3ftSr»j4i-5aft*5R I I I -V»Hfc£" 

JOEKftttS I I I -vfHfc^^fWiJP-Urafc* 
%I I I -V&{t£&*iJrflc&K©±iii±-T?±E*2© 

*»*i:-r5BI*«4 8K«l©4|6!l|tft:*^«)iH6*«fe. 10 

E t t 4 8 Ett0¥*fr*?4)«Jfe* 

45*1 «m$,+K±KM 1 ©sp^Pft** J: 9 S5^* 
2 row******-*-***©* 2 <ofi«**ftftlttiE 
E*JLTV>.&SMfc»3R I I I -vSHbM¥*ftttS«> 

i»±K»T«a«rw*-r*i[fls«»» 1 1 i-vjj&fcs- 20 

£l£g;*-fr5EilE«t9 5rKit-r 

±e*fctt*i 1 1 -v«b*«j|«»#ji3j»±ei[fls* 

«I I I -V^fc£^«ftS«©±ffi±T'±E*2© 
ffitt t KS««L4v* J: 5 IE LfcE t t 

aiLTV5»tS*5RI I I -V*flS#«*»#«RO± 
iB±K3im(Bt«r»j*1-6*fli** 1 I I -v«Mfc#« 30 

fc IE J: 9 **ff*-f-*r«5fri-5 
«t 5 IE L fc^WflcSf^-oSUt^ftT?*) o T . 

±E*ncmxi 1 1 -v«Hk'*« i iy»fWiJ9 s ±K«<b* 

<Wa£E&&8iL4^«fc5lELfcE£«r#»i+5¥iS 
«3&*©Siii#fe. 

45*1 ©<§*£* Ie±E* 1 ©Wtett** J: 9 *v»f! 

2 ©jp*9«8tt**t*ri-5*«fc©» 2 om^jwnnic 

EWLT^S¥**lW0±E±lE*#***ifi*#flfc 40 
1" 5 £ -fr 5 E i: IE <t 9 JHUtt**? «r 

r, 

±E¥»#JI# ±E#«#£«©£E-k-C±E* 2 ©St 

4-5*1 K±IBJB 1 OVJ^^ClMdEJ: 9 35^* 

2 ©¥#*»***r*r-J-5**©» 2 OfHfttfaUHMlc 
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Kits i p ie L-ft^mftKytm+ommijte-ehv 

±E¥*Wf a 5 ±E*a|ft£«©±ffi±-e±E* 2 ©<rg 
5Sft§i?*©§&i£;££o 

[Ht**5 6] &4 5* i©«WWee©*1 

©*SJ£ J: 9 tMtttf Kt*Mtff>f! 2 ofMWgUHttKE 
#ILTv*5 *»#«Ro±Bi±lc«*llfflllSt t»J*i" 
E t IE J; 9 ¥ttflcB£*?*tl 
it-t-5 i 5 IE Lfcfl^^roMJSffe-DT, 
±|E¥$fc!as±e¥*#g;Kro±ai±-c±iE* 2 ©IS 

« t mm&m 1 4 ^ «t 5 ie l*. e * 1 1- 5 

4-5*1 ©«*f »e±e» 1 <D¥-%)m.mms. 9 «v*i 
2 ©qa^*^********©* 2 ©fw&iijtfjiE 

E?iJU-CV^-5^^Sffi<0±S±lE^«|jtSr^-r5 
Srlfcfi £*5 E t IE J: 9 ***«iF-«:«art-a 

$ fc Bft&ftk Uev> «t 5 ie ufc e t t-t-a^ft; 

[»*«5 8 ] * 1 ©sp^»*««:*i-5»ft4»6 
45* 1 ©«l«c* Ie±E*1 9 iU^* 

2 ©¥«^»**«r*+5**0* 2 (O0«*S^giJfi<jlE 

*NMMI £/fcfi: $-tt5E<blEj;9 JHttf- 5 

<£ 5 IE L fc**#:*^©ll36*ft -e*> o T , 
±E¥£ftia 5 -tE*£frS:fS©£B±-C-bE* 2 ©SB 
*fcit»««L4^J:-5 lEtfcEtS:#1»trr5^«f- 

I8S**5 9] jg^Ji^45*l©®«1'lEr©*l 
o«* J: 9 fifA^Sv^KoSR 2 0<gtt#£BlJttlE& 
?lJtTV^5^flcS«©iap±|E3g^-fl|jiS:^-f5i|i 

e t ie i 9 **«:*^t«Jtr * <t 
p ie l fc Pit ^©aait;* ?£-e fcoT, 

«i:K«S«iU4V^5lEUy5:EfcSr#«i:i-S*«#: 
Sf^©S«iS*fe. 

45*1 ©m«flE±E* 1 ©¥*9iKffi«SJ: 9 iSi^* 

2 ©jpie«Ettt«f*sr*-j-*a*©* 2 ottttas&RiniE 

E^IJ L T ^ 5 X«©±aB±lE*-fflfil Sr»*f 5 1 SrfiK 
* $-B:5 E t IE J; 9 *^-Sr»jfli-5 i 5 IE Lfcm*©§S 

±El-5Sj;|aSK(D±ffi±-C-±E* 2 ©€H« t jfttttM 

[»jRS6 1 ] * 1 ©¥^R6*gSr^1-5teS^e> 
45*1 Ie±E* 1 ©¥*9^H&?Ba <t 9 ^iv ^* 
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©«H*jfc«fc 9 tMHfePBvMMRofll 2 ofMbWRMttlcE 
JHLTV^«fiO*iB±fcJlW(iattr»jW-*l*:l** 
$*S::fcfcJ:0**fcK£1-aJ:5fcUfc**©Sii 10 

±ieji a* ±iEs«©±®±-e±E^ 2 nmmt mmmm 

Lft^ J: 0 Lfc^ £ «:#**1-5*?-©«Sfc*ifc. 
I»**6 3] Hi ©WWMS«*r*+6«**»6 
ft 311 1 ©«*f fc-hfc* l ©¥$)fcft&«£ 9m^m 
2 **©'JS 2 ©SM^Sg l ©* 

ftfc* l ©WII-c*IiJ»K:B?iJ u ±iEfg l ©# fa £ it 
5« 2 ©#ft [d±|E^ 1 ©FaJPIJ: 0/h£FV*fR2 ©Ftfl 

±XAwm i i i -v»b*«*«fMia«±«*fls« 
mi i i -v^b^^frS«©±ffi±-e±lE^2© 

**fcifia«»«Uft^J:5K:Ufcw4:Sr»*i:i-5¥» 

ft«» 1 ©«K*fc±BlS 1 ©W*BMMU 9 *v*J 
2 ©sp«S*»«flE**r'*-5«*o|B 2 oW^X 1 ©* 30 

5^ 2 ©^|6][c:±fS^ 1 ©WBBi 9 >b£ 2 roffl 
±E»fctt* i i i -vSHfc-g-fe^ftJia^SB&fcift 

mi I I-VM^&¥i£#£«©±ffi±-C±fEfS2© 
«*iit«««bftv^J:5l-Ufcwi:Sr»»i:i-*iN» 40 

©ffi«o J: 9 tir£tttf£t «©f! 2 Offing 1 ©#ft 

k» i ©ran-e«gij«ncia?ij u ±e* i ©# ft t 

i-5 m 2 ©#l*l fc±fE» l ©ffiHJ; 9 /h S 2 ©IfflPI 
Jittfcot, 50 
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5R I I I-V»Hfc£fci£*#£«©±ffi±-C±KS2© 
«ttfciMHMLft^J:5CLfc::fc*WfcT5¥* 
fl£5g3t^^©Mig*jfeo 

ftSSS 1 ©*tf«Nc±K* 1 ©¥««$&& «fc 9 KvtfS 
2 ©¥«^**«:*i-5iffllfcRl=ttfti-5*«»» 2 

1 I -Vflifl:-&«*Wflc»RO±iB±K*** ; f-«3tSr 

BrfL-rzmmTiki 1 1 -v8HbM¥ttffcii*jftjt£ 

its i <h lc i 9 i|i!»ft:*jt#^«:»J6i-6 «t 5 
±es<b*WRi i i -vttfls#tt^#Jltf±C<ft« 

mi I I-V»fc#«l*»*«SO±iB±-C±Blll2© 

t essm u ft v * <t 5 l fc r k * mm k ? 5 *m 

ftSfg l ©«WS*fc±tE!B l oWAMKJ:9X^l 

2 ©¥*&^««f*S:Wi-SKI!lttl=JIS1-4**<0» 2 

tem-bWctolkl I I-v8Sfk£*¥*fcJl$:riMS3 

±ESWIs** i i i -vfefl2*«iMMW*±E«ft* 
mi i i -v«Hb^«*J»ft:«R©±iii±-e±lB«2© 
•WfcittSfSfttLftv^SKLfccfctWWfci-s** 

*56)t*^©S!ii§*fe. 

[IS*JS6 8] *Sft*»feft5»io«H« , flcr©!Bi 

wijE^sv^wjcaBiiwiciBjiibTv^s-aib** 1 1 • 

5 i k \z X <0 ¥*#«3t*?-«r»3t-J-S <fc 5 C 

mi I I -vm^^(*:S«©±iS±-e±f5®2© 
««tiSSS»*Lftv^J:5CLfcri:«r»«i:i-5*i» 
«s^3t^^©ili^*ffio 

ft Z>% 1 ©MSS't'lcilsm 1 ©¥fctett*£J: IJKi^SI 
2 OJF*9<Kffi**«:*i-***«)» 2 1 ©# 

i ©ranT««)ic:ia?ijL, ±b» i ©^[6i t a 

2 ©^(6]tc±E^ l ©^11 J: 9 /h* 2 ©W 

w-caa««jKK«uTv^a^*3Ri 1 1 -vmit^m 
*mftm&<D3im±.\zm*mm*Mi$.-rz>m<mK 1 1 
i -vmk&m*m&m*f8.&isitzzk\c£?)*m# 
m+zmmi-z ±51- L.fc^^^^©Kig*i*t?feo 
r, 

±eSE<t*3Ri I I -V»b*«|iMWMI*±B*flS* 
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mi i i -vfi&fc£$¥$#&K©±li±-C-hSBSS2© 

imxm 70] mi v¥-®xm%&zfi-t 

i ©^*K±iaf& i <D¥&>xffo®m£ 9 na^m 
2 <D¥-i$HKm&mz#i-$m%.<Dm 2 <Dmm*m 1 ©*• 
rsncfg 1 <Drm-emm\mm u ±ih» 1 ©2ns] t w. 
2 <D3imz±.mm 1 ©mhi <t 9 *4 2 ©fa 

^#mm<D3im±\z%*m&t:M&-rzmmx 1 1 10 
±.wmm* 1 1 1 -v«fc^¥*#«#±ieiHfc* 

mill -V;fcfc£&i¥£#&K©±ffi±-C±fBf&2© 
ffi* t L ft v ^ 5 K L 3. t Sr «m k 1" 5 ¥® 

©SB*£J; 9 tirAtttfJSV'flUfcOft 2 Offittasg 1 ©#|6l 

\z.%\<oim-Qmm\zmmu ±mmi<D^tw.^. 20 

i-*»2©*iSiH:±IE«ioWBIJ:9/hSv>Sl2©|RlKi 
T?SBJWlcEWL-CV^afls«j5Rl I I-VWk^*t 
*{«W©£iii±fc^*it*&tf1-*Sfls*3R 1 1 1 
- V«ft#tt¥«(MitrAft$ 3 1 lei 9 

T, 

±K«ft*3R 1 1 1 -vnnis£*iMWMW*±IBfcfl:W 
mi 1 1 -v&fl^w»tt£&©±ffi±-e±!asf!2© 
««i:ia»«ittL«v^ «t 5 tc tfc3 k *¥tmk-t-z*m 
Kmmsti&x&o • 30 

ft zm 1 ©ti«f tc±E^ 1 ± 9 «v^» 

2 ©¥*&«{£«£ & W1* 5 JBS-f 5 1S^c © SB 2 

1 I -vKfls«***#IS«oiiB±^*^flKgS:»ia 
r. £ J: 9 *g#5li^£§i!it1-.5 i 5 fc Lfc¥*#J*f 

jbe»Mfc* 1 1 1 -viwfc*«i»im»ft)i#±iaaft:* 
mi i i -v|^wiftili©±ii'eiEi2© 40 

^h«c t sssmi l ft v > i o \z t it z k z mm t ? z *m 
mxm. 73] mi ©¥«*ifi****ri-i»*i»e> 

ft 5 IB l ©«*4«K:±BE8 l nW-t&tKfammx v&^m 

2 ©jpjs^»***«-*-5aafcRfc««Ei-5«a«)» 2 

1 1 -vm<k&®*m&mm<o3:m-ki l £m*®mzMf$. 
-rzmt®>%\ 1 1 -v&fc£4&¥£flsg&ffc&£-a:3 

3 i KJ: 9 * J; 5 fc LfciMJA*? 

©Sliat^ife-CfcoT, 50 
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±emk*3R 1 1 1 -v8&fls^i|&*f«Ba*±«a<Mfc 

mi I I -V»k^^ftS«©±E±T-±ISM2(7) 

lett k mmmm l ft v * «t 5 c t it z\ t t 1- z *m 

[»**7 4] 1 
©$!$£ 9 £Att#Sv*iI^fc%&1-£ttgc0>£ 2 © 

zmm*i 1 1 -v»{b^«**»JBSr*js$*sr. 

±IEgfcfem I I I -V«fl5*«s|M»#l*±Bt{fc«l 
mi 1 1 -v»k^^*S«iiroiffi±T±f5®2<o 

c»#* 75] ^1 ©w<Ett****-r**Sft*»6 
2 ro¥^igffi«asr^-r mmm 2 ©««*s^ 1 ©* 

fo\z.m 1 ©Fflllt?^IiJW(cE?iJL, ±|E» 1 <Ol5fak% 
&-fZ>m 2 ©^[Si(c:±fsm 1 ©WPI «fc 9 /J> 4v^i5 2 <r>m 

±e*»«i#±B#»#«R©±ii±"e±ei! 2 ©m 

ft 5^ 1 ©®«c^(^±IE^ 1 H 9 

2 ©¥*&fclfc*««:#i-3«*©SB 2 ©ffilt^fB 1 ©* 

fi!K».l-©|B]MI"CaiiJttKE?y L, JbgBlB l ©*|6l k S • 

£-f5$2©;fria]l£±fE&l©rai!J:9/J^<'^2©fi8 

±tt¥^fcBai±e¥*#£«©£iE±-c±E» 2 ©«B 
!6*#^©S<ii*)£. 

[M*«7 7] ttfti»e>ftS«i©««4'tr.©»i 
©«S«c«t 9 l$A1±^Sv«ft«>jS 2 ©fftttffg 1 ©*i^i 

ic* 1 ommx-mmmemm u ±&m 1 ©*-fa t 

1-5 IB 2 ©#|6]K±fES& 1 ©WHi 9 /h$ ^m 2 ©F^m 
fllig Sr^fiSH- S ^«frS *fiKfi4*53i:lwJ:9 

±E^fr«* 5 ±IE^««sStg©^ffi±-C±I5S 2 ©«g 
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im#m7 8] *i ©Jp*&tett**«r*i-5ttft!i»fe 
ft a * l ©IB*§£* tc:±fE* 1 ©sp*WEtt*a J: 9itiV' > * 

2 ©¥**^*S**i-SiailtRfcJSfti-5*ft©fB 2 
©ib^sv > ic wkmjuj w i-bb^i l t v % a *&#sig 

5 r t K X 9 «:*HH-5 i 5 C bfc¥& 

±E¥m»m&±ii¥mKmiR<o±m±it±xitR 2 ©ib 

« t KSSHMsLft^ J; 5 tc Lferi a 

10 

it»*« 79] * 1 oTO*K*ft**Tsiif aa»& 

ft a* 1 ©IS^I-iK* 1 J: 9 *t^S 

2 ©3PiS4c»*«t*i-6E«ttK*fti-5**OJB 2 
efllftPEl' Ic^ff Id&BiJtfj fcEJd L T v % a 
©±ffi±ld&ft^ffiig£^H-a ¥&#S 4r** 
a r. t i 9 *i*f«B****»i6-*-* J; 51- Lfc¥» 

±B*«#Ji^±ia i l £ »#»S©±iB±T±IE« 2 ©IS 
% t jg&tttt Lft ^ J: 5 fc Lfc r «b t -f a 
JS****)*!***. 20 

fcfcESSSHBLft^ J: o\cL1tzt a 

[St#JS8l] JBl-WSpStettafltSr^SISft^fe 30 
•ft 4 IS l ©IS^WdiiS* 1 ©¥«M5tt*«-J: 9-K^JB 
2 ©sp*W65tt*lt*«"1-4**0* 2 ©ffii&tf** 1 ©* 
fatd* 1 ©WH-eSaiJWl-BB?U U ±IE* 1 ©*[r! t it 
£-t-5Sf? 2 ©^fSj(c±|2* 1 ommi. V /hSv** 2 ©fW 
RSt?^i"J6<Jfcia^JLT^a^(*:S«©±S±(c^« 
JtSr^l- 5 5 r. t K«fc 9 *m&% 

t, 

±iE^ftg#±!E¥##Stg©±ffi±-e±!E* 2 ©IB 
*ttt»S5«L.ftv^J:5KUfcri:Sr««i-r**»# 40 
H?*©®ii£#j!fc„ 

ft a* 1 ©H«Wd±fB* 1 J: 

2 ©¥$fc»****r1-6tt*©» 2 ©|B«#* l ©# 

[Site* i ©raRST*saijwi-ia?ij u ±e* 1 oxftt e 
£-r a* 2 ©^(6jic:±fa* 1 ©wpsj; 9 /hs v^jr 2 ©ra 

j££^J5£1-a¥«# JffcJ&g: Sita r. t tc J: >5 

X, 50 



#BH 2003-124573 
12 

±tE^*»as±K**fra*©±iB±?±eis 2 ©n 

t E8£ft& L ft i > J: 5 fd L fc C t 1 1" a iN» # 

[9*58 31 ttft*»fcft5»l 
©H i&J: 9 ttAtttfJiVNflURajg 2 ©fflfta'S 1 ©^ft 

id* 1 (Dfflmx-mwmtmm u ±um 1 ©# a t mm 

•fa* 2 ©#|6Hd±!B* l ©ffllffi J: 9 /h&i/>* 2 ©rflPS 

-eaaijwi-aa5iJLrv>a^*ft:S«©±ii±iw^flijg 

Sr»rti- a ¥*»Je ^fi)oft$-tirari:(cj;9 ^(Mf^f- 

±m*m#mtf±&*mfrm&<r>3:m±x*±.'j!&m 2 ©n 
« t m®mm tft ^ ± 5 1 u*: r t sr#jgc t i-a 

ft**l t±E»i ©¥«tett*«J: 9*v^» 

©±B±ldtg^«jg«rJgfi)t1- a Srfifefi £ tf * r 

t IdJ; 9 **#*?-ft«Jlrt-5 J: 5 fc Lfc¥&#i&*© 

±|E^#(*:Ji/i5±|E^^«cSS©iffi±-e±|E* 2 ©IB 

^^©SS!it*&. 

[IS*«8 5] *i©¥^R6*«Sr^r-faies^fe 

ft a* l ©!BJ!£*lc±fE* l oW*B*«J: 9 M^fS 

2 aa^ics^-ramis©* 2 

©n^ s ev > t-^ffir aflij w tcie^j l x v ^ a 
©±ffi±(c^«jg^^-ra^s^i^ss-frar 
t id j; 9 *mftm*zmm-rz> Ltz*m&m*(o 

±|E^#(*:li5±IE^#«c«ffi©±ffi±-C±|E* 2 ©IB-. 
^^©SS!jg*fe. 

[»*JS8 6] te^e>fta*i©ia«f t-©*i 

©IBJSSJ: 9 IgAtt^Kv^iffiftfticjBEtiEi-aiMicoft 2 © 
fiH**S5:v^sRTlcaiiJWtE5iJUT^5iNf#S«© 

lei 9 SrSiSr 5 «t 5 K Ufc^SW*:^©* 

±KiN»*ai*±E*aMHi«ro*ii±-c±ejg 2 ©IB 
J«i:it«SHBiLftv>J;5fcLfcrtS:4#»4:i-a¥«ft 
^^©SSit*&o 

[W*«8 7 ] * 1 ©sp«(Effi*«S:*-*-5«ft3l»6. 

ft a* i ©is®4'ic±E* i ©¥^feia«?s J; 9 assess 

2 ©sp^te&««SrW1-aiS«!c©* 2 ©HtSc^* 1 ©^ 
I6]ld* 1 ©WHT'^li|6<]lcE?'i U ±IE* 1 ©*(6) t ifi 
35-ta* 2 ©*[6ltd±ia* 1 ©MHi 9 /h^V^* 2 ©w 

rnxmrn \z.mm lt v ^ a s«©is±ic^ffijg«r^ 

fi£-ra® ^fiKft^-tira r t Id J; "9 ^5r®}jg-ra i 5 (d 
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L4^«fc ? Lfc^ t 5 H*©$!{£#Jfco 

8 8] if? i <n¥$i%M®&*G-$-Z>%i&frb 

45*1 <nm$.*K±mi i <D^x^ma vn^m 
2 ©sp^RS^a* 5$&©* 2 ©$h*£^* i ©# 

file* 1 ©raRST«W^gH?"J U ±12* 1 (Djffatm 
£1"5 * 2 ©#[6] K±!E* 1 ffi J: 9 /J> $ v >* 2 on 
BTaaiJ«UcgB5iJLTV^S«iro±iip±^Sl^#jtSr^ 
EH-5)f £/&ft£-ti:5 r. k 9 ^SrlS!)gi-5 «t5t- 
Lfc^wiHig^fc-efcoT, io 

±iBJi;!is±i2Si£©±ffi±-T?±fE* 2 ©fw& t m&mm 

[§it*f8 9] &.§7!>>b45*l©ig$We;.©*l 

<Dm®£ 9 ^m-m^m^m 2 ©£»* 1 ©#1*1 
ic* i ®mii-c»Bijft he?!I u ±12* i ©#isi t 

1"5* 2 ©#ft(ei:fa* l ©Ml! J; 9 v^* 2 ©WH 

±l2SA 5 ±fBS«©±ffi±T^klE*2©fgi|£iiajg&fcl! 20 

45* l ©««*U:±IE» 1 ©¥*&|gft?g£J: 9 i6i^* 
2 0Wtett****i-<5iSllttlcJ64i-6*»<D»2 

±fc***ifiS:#riM-3l*rJ** 3*5 - 1 C J: 9 sR* 
±IEl*5±l5Sffi©±ffi±-C'±IS* 2 ©<SB$£ SftftM 

[»*«9i] ■»ioWAPfe«*tr*i-***a»fe 30 
45* 1 0Mfif>&±eJlti ©¥#&«&&£ J: 9K^* 
2 ©¥$*te***tfi-5B»fclcJEfr*5**<D* 2 
QfHtftEv * \z.Wt \zjm Wt' SB^U L X ^ 5 St£© ±B 
± 5 1 $ -Br5 r t C «t 9 

£Sa£-f 5 ± 5 Lfc^©®!iS#fet?feoT, 
±IEliS±fES«©±iB±-e±|B* 2 ©$}*££ itttStt 
L4v* J: 5 Lfcr t fcflWir-r* 

§WW*EV > ic JMTKaaOtt KEiW LT V * 5 &4£©±E± 40 

±IBe^±fE«ffi©±S±-C±|H* 2 ©figis&i: BSfttt 

45*1 ©«**fc:±IB* l ©¥*&tefl)**«fc 9*v*» 
2 ©JF*&*SflMf*«r#i- 5* 2 ©®*SSr*-f-5^fe^ 
I I I-V«Hk«'* i Nf«:««©±iB±ta<t**I I 

IIIl-Vift^^lWM^Tfcot, 50 



#12003-124573 
14 

±ciftMxi 1 1 -vm<k&<fo*mftm&±.mm<m 

%\ I I -VK^«5^ft:S«©±j5±T?±f5*2© 
m% i i i -vfcfls^iMMWiojjSJt^ifc. 
45*1 ©ig*£* K±fE* 1 ©¥J$>*Pf&«g <fc 9 K^* 

2 oTO£Bft«tff-*-&ji 2 (DmmG-rz&imm 

I I I -v&te£4&¥£ftg«©±E±legfc^i I 

I -V8fls-&fc¥*ft*frrtft*tf a J: 5 CLfc»l* 

XI I I -Vm^¥«^Stg©iffi±-C±E*2© 

©IS® i 9 NrAtttfSi*! 2 ©«***i-4ttfl:ft5R i 

I I -vm<t^m^mwmm<D^m±i^it^ 1 1 1 

1 I I -V8Hb£fc¥*#*©&ft#ifcT?fcoT. 
±eaft«* I I I -V«Ht^¥*ft:*#±ieaEflS* 
mi I i -vi&{fc£fe¥&ftg1£©£a±T±lE*2© 

tt*I I I -VKfls^iMKMoiftftJSffc 
[S*«9 6] *i©witeffi?BS* ; ir+5ii$fi>6^ 

45* 1 ©m«c*»-±IE* 1 ©¥Kj(5e*SJ: 9 i§i^* 

2 ©¥^HBffi«SSr*-f5*2 ©fiH««r*-f5*»ftS 

±E*»*«as±E*##»«o*iii±T±EJB 2 ©M 
i K^Sftfe L 4V * J: pic Lfc r, 1 t'-f 5 

Jf ©JfoS^fe, 

9 7] * 1 4r^rr 
45*1 ©®«c*^±|E* 1 J: 9 Kv^* 

2 ©JF«S>:l»*««r*-f- 5* 2 ©fiM&£#1-5¥i®ttg 
t£©±ffi±»ci<i4ft:lSr^ft$-ti:5 J: o \c Lfc^fr® 
©RSift^^-CfeoT, 

±|S^«£S^ s ±ia*«ft:S«i©±E±-e±IE* 2 ©m 
*i:ilt«Sf»L4v^ J: 5 (c LtzZ t *®&k-f 5^*ft 
^©fifefi#ifeo 

©^*6 ± 9 MAtt^BvfR 2 ©«JgcSrW-f5S«©±nS 
±tc^^S^g$-a:5i 5tLfc^#»Jl©figS# 

mxhox. 

±lE^®ft®is±ia^»frSffi©iii±-e±is* 2 ©«s 
« t itftftM L 4 ^ J: o \z Lit z k k 1 5 
®©)«S#fe„ 
[ff*3S9 9] *l©¥^«stt;?gS ; SrWi-5^a^t> 
45*1 ©«*«Pt±IE* 1 ©¥*SJte{a«S<}: 9 ii5V^* 
2 ©¥*Mett***#1-5» 2 ©«*W-T 5Sffi©± 



(9) 
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T, 

±151 ;j5 ±|ES«^±B±-C±I2M 2 <Dffi*$ £ ittgHgtt 

imxm ioo] mi ©TOKPfe&g^i-s&iS.^ 

£>45& l <DW$.^±M% l ©^fctfMS i *) 
3? 2 ©WKPfeSSSfcW-f h% 2 

t, 

Lfc^«t?KLfcrt£#®£f-£l©J&ft:<jffio 10 

itMioii ®&frbtez>%i<D<m*\^om 
±isi^±fESiigroiffi±-c±fEm 2 (Dmmt mmmm 

[0 00 1] 

[0002] 

[$3fe©Kflf] GaN, AlGaN, GalnN, Al 
Ga I nNtlb'<nmm*l I I -V^iMf 
It, A l G a I n A s % I I I - V&fc^^ft^A 
1 G a InPlI I I -vmit^^mmzit^X^^ 30 

/<-T-^5%3t^^- K (LED) 

[0 0 0 3] ififeoSMWWRi I l-v»Ht* 40 
W*.tfGaN©M**K:*Sft5«afta«# 

XhZZb, fcitf, ^JxliMI S (Metal-Insulator- 
Semiconductor)*jgfC:t5ft5li!iitJi©W(-A 1 Nfcffl 

r t x¥m&m&£i*m®m<DK&i&M i i&9:\c± 

9 mffi^Xft 0 Z. t &X # 5 4 UTV 
[0 0 04] £ ©«4\ £MftS I I I -VKIt^i* 50 
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(1) JRe»tta*GaAs*¥Wfcfc£±0fc*<» S5 

(3) S^oM^^Sv^^WTfcS. 
rtfct, A 1 G a I nVl%*mmt. m&tt&S'm® 

V\ AfrWfctt, A 1 GaAs^^«fl:^t3lt5t^ 
(As) , ZnCdSSe^&ttK&ttS^K^A 

(cd) ftificftSi-aimdsi^oJBfl- trwy 

(AsH. ) ) 4iftr«BL4v\ 

[0005] L.a»ue#&, ft*, mm% \ I i-v 

# 5 ©K jg ftg^ttW &v ^ v n 5 MHtf o fc. & 
fltfWRi I I - vl^W^cMWat, 1# 
lci«iD a p©©^*#5^*lc s £HTolH]H-^R«**) 

( 1 ) m&MPr<DG aN, AlGaN, Gain N^*& 
I I-V»fl2-fr*iN»ft:|SI±*sJ:Vfflgi:©IHfc, *7 
ftfflfcja^jp: $ ft £*£«!*. 5 4 t\ Rffl-±«>IMIS#*> 

(2) G a Nfc***£+aiSfi«S*#*£HB*ft 
■0**V\ GaAslWGa I nP|»H 
^■ftfri-SWiftKG a A s S«*\ G a I n A s 
ftiw*^SE^1-5KiftStI nP£ffi/65fe2>J;5tC. 09 * 

onAK^G a NS«iiwi6^±-cfo 9 . m*&m<D 

jit?*)?) . tt*iUc§lo3iJjfi^»4+«fc»^? 

(3) ftftftgl I I -v*ft#»*«*o«simo 
£»»ft#K:, »i o o ot:wi«ii/N^fiS;gi&S*3J;tJ«v 

[ooo6] »±©j:5fta*i^j:o, mmiki 1 1 
mm* \ 1 1 -vt8ftj*«**#o»*j«*««-e» 

#v> (jbi 3%) „ rofcft, f-7r^TS1S±{-fiffl 

$-a:TV^5„ r^±tt«, ¥>SAOiftM III- 

O^Pl6^«l4^ ; ?-^S^SrR^LT0iJx.tf 1 0* -10 

* (cm" ) SlttfeO, «*.tf*SW*:u— !fli*5V^T 
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10 0 0 7] t7r^ 7StK£ttw0l&Nc« (l) IS 
Uteri* 4 ^ tz ft , ^ffittri* n v > rSffiffir © $ 3tft ^fifc 
#Bit, (2) *7r^TflMftW4©fc*S«±fBa»e> 
p««ft|3J:tfn«*fc©»3fflLa«#8l, (3) ISA 

[000 8] f-7r^7l«©i51^£t©145 10 
#tfrlH]jI&$:B: (Epitaxial Lateral Overgrowth; E L 

o) zm^xmiPhZo ELom mmm^m^ 

mta&tttomft, z&wtti tarn 
tiznK m*<omim® 

5rim5„ ELO©JS$l 0~2 0 urn 

[0 0 0 9] Ir^T^TXKifcELOSrJpJJBLTJlFf- 

Tg*©teKfcfiH-r5raH£l*fcfc, «*.HreiT«>J: 

(1) ELOJCsjj.»*xS«c^v^iltJ:»>*9*0 
^(ST-r5„ 30 

( 2 ) E L OteiW4»*rit*»IW«««*+5:r i 

(3) Sfc^-lMXroffilJISaSfcS. LED^7thf-ff 
(PD) ISilJ^HWtT-ftif, ELOJl#j 

ELO©MSr«iT , ^ii'\ 
[0010] «±©if RUSti:, ^fifC^G a N££#ft 

e>ftntf*»-f«ri:asprfli-c*>5ii«x ^nttoR* 40 

mii, GaNfiHVPE (^7^f KMfifilEI) IUo 

Tfc, (i«]£) /a*fc*5Mt*»Sft«r«' 

•CtT, KiftR*tS©«ift^HJi<ew4:lwJ:5 0 

[0011] mm 2001-10230 7^#{C(ir 
©WH©iJk#tH« - t £ S LfcHMSftG a NSS 
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[0 0 12] 

[*W#tfftLJ:$fc-*-SI*Hl #P2 
0 0 1-1 0 2 3 0 7-t^»|CB^*nfcttflfl±, #fc 
Hil$s{fc£$£l©*> ^ t Id J; 5 , 

te»^©mii^*^ / >$-a:2>t.©t?fc?.fcft, 
iifcMSAG a N2%ictt&£Kft&rofi# (=»r) i 

QMUkl I I-V»l2*«^flcJB«r*ft**TS|t*(*: 

u~ irttHH-ana, ft*N*x 

[0 0 13] LfciSot, w03BWJ6«»*LJ:5i:i-* 
Witt, »*Wtftif«)»tt*JW(F-CflMICttt)*<*» 
i8»Oi|i*flc»3t*^-*i J: V-to J: 5 ft******-?-* 

[0 0 14] ±9-«WJCJ4, Z<DXmW&ls£lk 
[0 0 15] Sfc^-^Wlcii, i©»W**»*UJ:5 

[ooie] tfc ; iOXW^UHfcUJj^^SWl- 

Aoi|i*flc* ; f-*)SVMi«rtt^&»-efll«tt'{)i«<ft# 
^o^aoS^cSIJt^ffl^TiiHBftSKfls** I I I - 

[0 0 17] 

-hfSgSMSr 

)5?*1-5fcftlcSig^WSrffofc 0 *©«K»cov^-C» 
[0018] *38W*tt, 2001-102307 

Ki«K:«|4*T»ljM-*«)-Ctt4<, X»tttG. 
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[0019] flMrJMtfctt, «*.tf#8fi, * 

lift (7*^7 7^) *fcii^S<0GaN^ A 1 G 
a I n Nft if©G a NfiWl-OSEflS** I I I -V®Hfc£ 

mmihi 1 1 -v^b^***#et^o 

(37) fcfta*»rfehtf£©J: V**»T?*>oTt 
t\\ 10 
[0 0 2 01 i©i5ft«R«rJiv^*MW*:U"- J fftif 

^©Wttw^fls^m 8H4©<£Tft if *rBJh1-«4W# 
[0021] r©raig»i, «^K*JBi-**«*fcBHt 

fcttffl i-5*m t ls]§C-C{6*|Sfe?g£©g&£#S 
ffl8t-efc54§3\ ±fSfc|i38Sft*ii©£K$:ffl^T*© 

tt**w*frofcis*, ±fE©ass£«?ft-rs^ 

*#^*5ff3bft#«fc*J!,v*tUU ^SPJ££ffl1-£ 

[0 0 2 2] ±IEgSSS:»ft-f5fc«)(c, r 

©3PJI©gn ©3PJf±, »I©Jp*&*itt*S*: : firl"att 30 

1 «Hi*f>l£j|S 1 0.¥*9Wtt*lt± 9 
« 2 ©spJS(Ett*S**i"5*»oJ|S 2 roffittdSttfUti 
PEWLT^SiMHMU I I -VWfc#«i|yWMHR 
©±ffi±^*** J F-«JtSr»J*-r55a[flS«* I I i-v 

oT, SftttXl I I -VKMfc#*sHWW4«*fl2«3R 
I I I-VKfl2^*i|i*fl:a«©*iB±-C»2 0««i: 

5, 40 
[0 0 2 3] Sfbtt^ I I I - VfMIS6tt¥*ttJltfa 

1 1 -vmik&®> ! mt*&&<o£&±-c%2o 

«**K«SttLft^J:5fc?-Sfc»K:H:, 
tt» tflMXl I I -VKMIS*«lf«|y»«MI*ria 

***5IWClf52©fiB««:aifl2**l I I -vKUi 
¥3£&S;|£©±ffi;!>>?>'>ft< t t-»Ki*LT*s< <t 5 

ic-*-*. iuA^wtcti, mtmmi 1 1 -vmfc-s® 
ls4LttJ<. /5rj£©s;£tt, i i so 
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ft*»i i i-v«{b^«**#Ji«>***#*ifiws 
ttufex 1 1 1 -vmt&®*mm*M^xm&.ir2 

SSftW± («*.tfl OnmBi) ti-5. ft 
ft*3Rl I I-V*{b^ft**ft:JB*r****5«Hc* 
2©««Sr^»»*UT*i< J:5tLTtJ:v\ S[S2© 

?x^y^ -r^-y? y v^ftiflcj; off 5„ 
[00 24] ft^^ i i i - vUHk'fi'fc^ftB** 

mmkm&mmvte^t. 5 1 
1 1 -vm<k&®*mftmt:i$L&i*i£zm\zm2<om® 

oSS«rSait8ot*5< iptcbT'bJcv^ r©& 
SlfcUTtt, /&Sfi&lc»;tfeft5Pg?>£ffi©t>©£ 
ftftifticti, s i o. I, Si. n 

, SOG (Spin on Glass) Mft if <D&Wl$$<D\ZH\ 

fyyxy-^ (w) » tU/fy (Mo) , ^y^yu 

(Ta) t£f<DnM&&mm j $'Ztib<Dn{kmt£k'zm 
1 1 -vm<k&®*&i*&&L<D3imt>bmfec>mts*v 

jio*iB&s{b** 1 1 1 -vM{t&m*m#mtii<D3i 

[0 0 2 5] S>KP^1-5-3o©^2©ffl$©fflPBfe 

■5 wif* 2 ©1H$©K?iJJS»!ii, i!i^©*:£ £ ft i'loS 
CTilfiixSriv -Ml:ii2 0^ni6(±$)5^li5 0 
nm&Lh&SVMSl 0 0 (imBi^S, w©f?2©£H 
#©WIH*>*v*tt:* 2 ©fg*£©6B?iJJf $©±PSt4&-f L 
fcWWfttomWEUftV^v — IRWfcttl OOOitra 

I I-VRflS-fi*¥*fr»R*JfaLT^*. - 

5. IB 1©^*$* 81 2 ©£«£©«£»** *1©¥*ME 
{fc*SJ:9iii<, -A»o»2©s|E«MEtt*]tJ:9«^»3 
©¥^(E<asBSSr*1-5^3©«ijtiSS^««Ei LT# 
«i-srtt#<, Wdtofal i i-v«{fc 

^tt¥«#Jl^^b«X I I I -V«fk^*^*(*:»« 
©iiB±T»*20«*ta[»*ttLftV^J:5^-*-5«»t 

«iMlt#Jl!»s»b** i i i -vmik&®*mft&1R<D 
±m±x- :n h <om 2 ©«^*5 i u=tf 3 ©gi& t kss 
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il(Hc»2«)g[«*sJ:tJ { «3©««*a{k**i I i-v 

43 < JUKI'S. 
[0 0 2 6] SR 2 OttttOftgtt, A£!ftlC|± 1 0/im 
KtilOO/i m«T\ <fc «? JfeSlHjI-tt: 20/i m«l 5 0 

©HftllAfflWfcttlR 2 g>fttt<Z)&&J: 9 20^ mKl 
2OOjtm£JlTJ:0*$<* i 9 ftS#J(£fi4 0 ^ rnW 
±1 6 0 AtmWT^t <s ftt>Ai!ttKtt6 0#imeU: 
14 0^m£lT*tV^ 10 
[0 0 2 7] »2©«*©¥i&e(fc*«tt-«Wfcti* 
lo«*©te(k*«0 5«Ei±-c?*>5. ftilWtefi, SR 

1 2 X 1 O 6 cm" 2 WT, IR 2 
0W0¥Wffi**tt 1 X 1 0 ! cm" 2 U±.-e&Z> 0 

ftjfcttixio' cm" 1 J;04^<, 2X10 6 cm" 2 

[0 0 2 8] ##{f«ft**<D»#««l4, ¥*MEffi* 

2 0>«*i&»&l |tm£U:, ffjiKirtl Onm«i, it) 20 

»attt i o o u m&jjtt. sr 3 <Dmmi>m&i-5® 

«*fcJ:l«&3 ftv* JUKI'S. .fcDJW* 

i-cBttSft*s% & jismftttfi 2 ©tti*a> fe 

1 » m&±, i ►) 1 0 ^ mfiJLt. $ 

^»®ir|4 1 0 0 u. m&lM-f . £ 3 (D«H«4*S#^El-5 

[0029] gfc«>* 1 1 1 -vw\&®*n#w&k 

6v^tt*fls**i i I -v&fc^^&ftJIte. fcfc- 

l&ftjlCJiA 1 1 B, Ga,-.-^ In, As, N.-»-. 
P. (fcfc'U OSx^K O^y^U O^z^l, 
O^u^l, O^v^l, 0^x+y+z<l, O^u 
+ v<l) rt»e>ft!> N i 9 MftmatA 1 , B, Ga 
lTr , I n, N Otti U O^x^l, OgySl, 40 
O^z^l, 0^x + y + z<l) *»P>/«C«J, ftMftlC 
ltAl< Ga.-,-, In, N (fcfc'U Ogx^l, 0 
g z g 1 ) 3S»e>/i5. SfcfcX I I I - ViJHfcjMfciMt 

So 

[0 0 3 0] ^©I60^O£2©^P^»4 > SR 1 ©WXRfe 

***#i-5te&a»e>fc5» 1 i 
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MI I I-V£fl^#>¥S#l&>&gSttSr£fc:J: 

©saig^ffiTfooT, mim% \ 1 1 -vuHk^*** 
1 1 1 -vmik£Vo*mftm&v±ffi± 

t?® 2 £ fflg&tt Lftl^«k 5 Ui r £ Sr#fS £ 
[0031] rrr, rjp^»««j tit m^ow 

£* \m&®&&&-r&*xw>±#<o¥®i65 

[0 0 3 2] Cl<D?gW<DSR3©38BJ{i, 

1 1 - ©sr 1 nrnrn i. t) & a«I:*'bv ^mwm 
2<r>faft&mmzMm\sX\^mfc®%\ i i-v» 

Wm \ I i-v&te£^&#JI£ifcg£-BrSr£K 

^©sat^fe-c-foo-c, 1 1 1 -vMit&m* 
m#mmt®% 1 1 1 -vK{k^^^ss©±E 

±T'SR 2 ©ffi« £ ffifttttt Lft v > i 9 K t fc r £ Sr#m 

[0033] jfeSWfctt, gfia»e>ft*«i«> 

[0 0 34] r <T>Wfr<T>%4 <D%W\*. % 1 (D¥*S^4 
tt^S«t 9 iS5V^2 ©5p«MEtt*««r^rtsa*0» 2 

©*«a*R»jttio2Wi.T^3afl*3Ri 1 i-vm 
1 1 1 -vmtitm^m&mzfiL&zitz^bKii*)* 

fooT, mmiM I I -V«fl;^«**ft:Ji«sa<b«i 
^1 I I-V«fl2**i|y»fl:Sig©±tB±-e»2©ffll« 

[0 0 3 5] r»^B^©^5©^e«f4, 8HW$£N& 

Wi" 5i^f B ^^ & ft SIR 1 ro^ 1 ? ICJR 1 
te*«J:9K^IR2©sp*&4i:tt**Sr*-r5a«k©JR2 • 

1 1 1 -vmfc&m*mto-m*i$L&ii*£z>^i:\zsL<o* 
$>oT, mtmmi 1 1 -v«Hb^-***(*:ji*sa<b4fc 

mi I I-V«fl:^**#ft:att©±iB±T?fB2©«* 
£iaa*ttLftv* J: 5 1- Lfcr £ SrW»£1-5 tWCife 
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5o 

[0 0 3 6] ro38Wo*6<o*WH:, ttA^&ftSJR 

2<o«*3jsaaijWKB5ifcv^»b*3Ri i i-vm 

mi I I -v£fc^¥*fc««:j«ft3tfai£fcJ:9 

ffcot, mwm\ 1 1 -v^^^^i^^k 

ft* I I l-vfi{b^«i|ii»#«tt[<o±iB±-?»2©fH 
#£it&&«!Ufe^J: }Kl,k: t^rWt-fStOT- 10 

&So 

10 0 3 7] Z.<D&m<0%4~~%j6CD&m\Z-3a\> s X* ^ 

y^^/i^tlMh^y^? (FET) 
nf^:K-7h7y^^ (HBT) oi5<cif 
jfefrX^^TiiiS («TIRI#) . 

10 0 3 8] C«3SM©*4~fB6©5SW»w43V^ ¥ 
*flc*?<Dj£ttfttttt. ¥*MEffi*«#ilS^ » 2 ©iSigc 
fc±$I*»«:IBJh1-5fc»t>K» * 2 20 

fctt lOO/i m^±8rt% flS 3 

tJ«3©«*fr£*fci^.fc5fc:1-S. Sterna 

tit, ttmit&xmtt&^rK&i/tm®, 

[0 0 3 9] r©^tD|g7(D^BJ»i s 

«*«r#-*-*iis*a»e>&a* 1 ©ww^k* i ©wc 

2 0«WE4:iW(9(flliUftv*J:5»cLfcifc*rWii:i-« 

[0 0 4 0] ^©»W©JB8©»MI4, £S1 

PfeSS J; 9 ffi*l2 o¥*&4ctt*«*«"i-S«»©!B 2 
©««#«»] WfcBaj LTV><5 *MMMfcK©£B6±fc« 40 
**fl(iafr»lW-6 4 £fcj: 9 
£§{ii1-S ±51- Lfc*NM«*#*© 

[0 04 1] Z<DftW<D%i9<7>®W^ ti&frbttsm 

l ©fsuawcr ©IS l <Dmmx 9 ftAtti»'Si*fflR«>JI! 

•9 imm&yttt&m&rz Lit*m#&ytm* so 
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[0 0 4 2] ^©iPJwfSi oro^^tt, fu 
fi**«r*-i-5»ftjl»e)*il(SlO«««t'K:*l©Jp*& 
0 *V*« 2 ©ip«WEtt**Sr*"t-5««0» 

mtttrMA-i- * * * jss s * a r £ k «t 0 * 

fcoT, ^MH^Wft^©±iB±T**2©«6£ 

ll»IMfcU4v^J:5ictfcrttr»ili:+*t>o-efti 

So 

[0 0 4 3] ro*WolBi 
»**Sr*-r5ttft*»bft 5» l ©«**JiifB l 
XW>®&£ 9 fti'jff 2 ©¥^««fieSr*i-*«*«)SR 

WW****** r £ m J: 9 * 

fcot, ^MW¥*fl:^<D±iIi±t?*2©*«£ 

[0 0 4 4] £©5MH0>*1 2©J8Wtt. »**»e>ft* 
1 ic w 1 ©gtW J: 9 ft AtttfSv mfto 

ii 2 ommmmmc&M Lx^z*m#mm<D£.m± 

-cfoox, *w*Jias*Wft:atR©±af±-eiS2©«i« 
bmmmteLtj:\,*£i\cL1tz.i:&®Wik-tZ>h<DX'k 

So 

[0 0 4-5] 0~&1 2©5SKIE*5V^ 

I I -V0Hfc6*¥*flM>aft». (wurtzit) 

Pit, J:9HttWfcttA#A*»lNM*i6*#1-5lli0> 

0!lx.fcfZnO, d-ZnS, a-CdS, a- 
CdSe4WfcoTU<, 3&£«ffi£>f£AflHifr 

[0 0 4 6] ^<D%W<Dmi 3<M£Wtt* 

tfc*«**rt--5ttAa»e>*aiS 1 ©®*£<f teJB 1 

t. 9 2 © spJ$rtE(fc**«rff-t3*ft©g| 

itSr^i-51Sr^4*Sri:lc:«t9^4riSjii-S 

T*^ 2 ©fiisS £ fflggfcl! Lft ^ i 9 fE bfc r £ Sr#» £ 

•rst)©Tfos„ 

[0 0 4 7] Z<D%W<D%il 4<D%Wte, %\<D¥-®!K 

^^fi)c-r Sl^fi£ft$-frSr£|iJ;9^^ ^laigr s 
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-ess 2 offitt t m&mm LK^xo&Litzt t 

[0 04 8] ftHa^ftS 
Jg l ©li®* Id r. ©SS l ©liBisfc <fc 9 ft Att*'£i 4Mk© 

HKSSrJBriWSJi r i Id J; 9 SrKig-f 

±t?* 2 ©iiS$ t ESKfiM L ft v * «fc o Id Lfc r. t Sr4#» 
i-?-5>b©T-fc5„ 

[o o 4 9] d.©389l©SSi 3~*1 5©*Jlfc*S^ 10 

t, m*\*. ^ttm* mitx*. m.*fe 
fTju^ftif) cm*^ mmm*. x^m* 

ft^TfcS. d©4§£\ «R*>5V^ttJi©tt?H4, 

#, *MBK*\ ft¥tTf\ fflfi 

5. ^fbWJlSfldO^Tte, flSJx.tfJournal 
of the Society of Japan Vol. 103, No. ll(1995)pp. 1099 20 
-1111 -^Materials Science and Engineering B41(199 

[0050] z<D%m<Dm 1 6 <nwn\*. % 1 ©¥*&& 

tt*flE**+S*fi*»fe45JI5 1 Ofl«ft* 1 ©¥*§ 
«t 0 Kb 'IS 2 © W<Effi*««:#i-att«©» 

aofWa** i ©#fild* i olBB-CJWWttKEM U 
H l ©*fa tmXtifS 2 ©:£AldiJ l ©WHS J: 9 /hS 
v^»2©IWIH-caHiJW»cEJSUTV^*fl2**l I I - 

ssasimr-m i— v«Hk** i i s »#i ****** ^ 30 

t Id «t 5 «MWW*5lKf-«rll3lrt--6J:-.5 Id bfc*MM«8 
3t*-^©»Ji*26-e*or, Wmiki i i-vtWfc* 

1 1 1 -vm<k&m*mfrmR<o 

±iii±-e*2©*«i:itSSft<»L*v^J:5KL,fcri:*r 
[00 5 1] r <D&m<om i 7 SB l ©¥*£* 

^»*ie j; 5 ftv* 2 ©w*»**«r#-ra*«©iB 

2 ofMWfll i ©#faldg| i ©IBBI-eaaiJWKiEM u 
Jgi©*i^ifcll[Xi-5*2O*ifiiK#fi©IIIIIIIJ:0/hS 40 
v^*2onin?aBiJ«jK:E5!lfrv^8flS«*I I i - 
v||Hb^WflMo*lii±K:»*Sm(ia«r»i«i- 

zmmxi i i-vK^***(M«:j«ft**6- 

3t*^-©»JS*ft-eifeor, ftftttflti i i-v*fc* 
I I I -vWfciMfcWftaHRo 
iB±f»2C||l(i:t8ffl*Uv^5i:i/fcii«: 

[0 0 5 2] 1 8©»Wtt, 

»i©^«c^tcr©mi©^J: , 3ftfBl4^v^ilc© so 
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s& 2 i i <ommrmmm^.mm 

U JBio36rrSii:it2fl;i-5»2 0*iRiK:iBioraiHJ:9 
/h*^JB2©WIK-CftfliJWKE5yu-Cv^aft** I I 

^Ti>mm% I I I -viMls^liiMMWitrrtl*** 
5 r i Id J: 9 *MMH&***-«r»ii-t-a i 3 tfc*» 

fW8**7-<&Kift*tt-r*>o-c, mmxi i i-vss 

«©±ffi±-efg 2 ©M$ t jfiggfl* L ft ^ «t 5 Id u fc r 

[0 0 5 3] 19©», i5l©¥*&i|g 

«t 9 Wv^« 2 ©sp«&tett*««:*r+5IIUIlttlc 

jifti- * ttft <*> » 2 ©fH*assi/ n ^ ¥ff id^iijw ice^ij 

_hl-»** J F-*Je«r * I I I -V^fb^ 
•WfMI * * * r t Id <t 9 i^»#»3t** *M 
ifii-S J: 5 Id Lfc*»frl63t^©»!jt^ffi-efcoT, 
Sft4to^ i i i -v|fcfls*«i*»*l#*fls** I i i 
- vjfift^fc^ffaSro^jBi-cflS 2 iSSSgS 
M tft v % J; 5 Id Lfc r t i: i"5 fc ©T-fo5 0 
[0 0 5 4] :olS»l2 0©^|j: > ^ 1 
Rb^S SrW-T 5 lift 6 ft 5* l »®«c* Id* l ©ip«& 
^^aj; 9 jftvtg 2 ©sp^teasffiSr^-fSE^Id 
jg«E-f5«[»:©*2©€Si«*si:^ldspfTidaaiJWldE5iJ 

i/Ti^5a<t*3R i 1 1 -vajfb^«*wft»K©±ffi 

±|d3B** J f-«i6*»*i-'5«fls1fc* I I I -vfcHfc-S- 
S** d «>: Id i 9 iNMMRJfe*^** 
it-r 5 J; P Id Ufci|ii»flc«3t*?-©»JS*jSfe-efcoT, 

1 1 ■-vm<k&tto*mt*m i mm& i n 

M tft v * «fc 5 Id Lfc r t t f i> t) © Tfc *„ 
[0 0 5 5] d©3SH;i©*2 lOJSWtt, ftSA»e>ft5 

* i ©**tpfcr ro« i ©^«J; 9 &Att*'flg^jg|M* 

idMft-r*^^* 2 o«*iJsmdipfTid»aijwtE 

5iJLT^5S<b«j^i i i -vM<k&®*m#&&v>± 

m±\c&ytm*mik*j&f$.i-zmtym 1 1 1 -vmit 

^**«#S«r**S**r. fc Id J: 9 **(W83t*^-* 
KjS1-5 «t 5 Id Lfc¥*#*#**©«ifi#ifcT*>o 

Kfttt^i 1 1 -vm\t£m*mw®frmm?ki 

1 I -v«fli**¥*#»««>±iB±"C*2©1H«tit 
^Stt t ft i> J; 5 Id Lfc d t Sr#m 1 1" 5 1> OTfc *« 

[oo5 6] d©^p^©*2 2©^i4, mi<ow-mm 

ffi***W-fSlSift*»6ft5* 1 ©®«tld* 1 ©¥^l 
teiS^S J: 9 ftv 2 ©sp«&*5(Bc****-r5a*«)* 

2 ©m^ 5 * i ©*iRiid* i ^mmx-mm^n u, 

|gi ©*l*li:ii:^-r*m2©*i*]ld*i ©fflHJ; 9/h$ 
V^2©f^H-C^llJWIdE?lJLT^5^t:^ I I I - 
v&{t£&¥*tt£«©±aUldSl^l8it&^fig1-5g 
{bfe^i I I -vSi{b^*^S*fiKft**Sdtld 
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<k 9 S <t b \z. Lfc**ft»^ ©Hit 

Mfifeot, 1 1 -vKft^tt^iiWMjj* 

&<fcfe3&I I I -Vi£fl;#^¥3lftS&©£S5±-eSS2 
<DXhZ> 0 

[0 0 5 7] Z<0&WZ>%i2 3<D%W\t, 

tt««**ri-atiftA»feft5»io«*fKJBi«) 3 F«& 
\,^2<DWR^m\mz.m\\sX^*mm*\ 1 1 - 

flsfcJIU I I -vm£Wg#ii£/&ft£-fr5r tic 
J; 19 ^J»«c*^ Sr«i!rt-* «t 5 K Lfc¥****©»ifi 
*fetfcot ( Sfb««I I I -VjJKfc^lMMMMtf 

i i -vmk&®*&&W$L<o-£m±-Q%i2 

<DX'hZ, 

[0 0 5 8] ;i©3gBJl©i5 2 4<D&Wn. fe&frbttZ 

s& 2 i ©^ksiwb i <ommxmm^mm 

/h$v^*2©|BPi-eftIiJ«itcE5iJU-CV^»k** I I 

stwsi i i-v^i^i^fjtsr 
t jet 9 ^ii**^ sr«art- 5 «t o k Lti*m#m?<D 
mm^x-h^x, mm%i i i-vmik&®*&# 
■tfftftttJK i i i -vtJHb£*i|y*#s$i©±i5±-e 
fg 2 off* t itft&tt L 4 v % «t 5 ic L fc z t * #m t i- 
SfcwTfcS. • • 30 

[0 0 5 9] C©S§BJ3©fg 2 5 ©»9ittvJU ©¥*&>& 

tt*«*#i-5»fta»e>fca* 1 1 ©^ 

<fc 9 iS^fg 2 <o¥-®Umig.*G1rzmmz. 

LTV*S«flS**I I I -V^^^«cS«©±ffi 
±«c***ifi«r#riW-*»ls*3R I I I -V&{fc3W 
r t fc J: 9 ^ftSR^SrKSr* «t 

i -v&fc£^MlfltJf #&<t$j£ i i i -v«Hb^« 

*m#&&<Diift±xm2<Dm®b\a.mmMLte^zo 40 

IE Lfc r t t i-5 <b©-c-*>3„ 

[0 0 6 0] I^©l2 6©58ifi 1 %1<D¥-#}X 
»**Srffi-5»**»fe*5* l ©1S«E* l ©¥£> 

j££-r *$&©& 2 ©fiMtossvMcjpfriEaflijttiEejii 

t-CV^**fls«W5 1 I i-v^^#J¥^SS©±ffi 
±fc*^#fift*#fifci-3SMI:*3R I I I -vi^i^ 
3*5 d t lc«t 9 **#*^«r»Jti-* J: 

i -vttgfls^*JMfflc«!isa{b*» 1 1 1 -v«Hk*« 50 
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^»S«©±ffi±-CM2©®ttEtiaSSttb/j:v^ b 
lcLfcr.tSr#»ti-5t©-CfcS. 

[0061] '©^sj©^2 7©%^«, &aa>6>&s 

ft 1 ©ft*«f <c ~ ©SB 1 off«J: OttAtt^SV'BftK 

jijLTv^a<b«»i 1 i-vflHt^****a*o* 
¥*HftS ^^s^-ttscticto tr»art 5 

«t 5 IE Ufc****^-©»3t*j£T*)oT» Sfctt* I 

1 1 -vm^^Mwmtmtmik 1 1 1 -v*fc* 
*#*{**«©±ifi±-T?* 2 ©isj& t immu^ «t 

b »c Lfc ^ t frtiMK t 1 © Tfe 5. 
[0 0 6 2] C©38?J!©fg2 8©SgPJf4, ^1©^© 
ffi«***i-4tt**»5)*S* 1 1 ©¥«>> 

2 «>f(8*s)|S 1 ©^fflfclg 1 ©MUTM'JWl-E^J U 
IS l t tt^-r^m 2 ©#|p)(cSB l ©WHJ: 9 /h£ 

±lc»3fe*-?*H6*JBjfc1- 5 ^NlttJf Srfife^ $ * Z> Z. t 
lei 9 *»fr%**^SrS!iiti-5 J: 5 1£ Lfc*W(«83t 
^©Kit^jfe-CfcoT, ^*#J|^¥«#£fiO±9i 
2 ©fgfijE t £ b^V'J: 5 Jc t Sr#Si 
t-r5t©T*fc5o 

[0 0 6 3] C©^BJ©^2 9©^»i, ^1©¥*9^ 
»«**:*i-5feia*»6>*5*l ©ffi^l-m 1 ©¥^I 

2 <om.mm i ©*is]»c^ i ©rant?^i)wi-BH?'j u 

^ 1 ©*(6l t 5^ 2 ©*l6Hcf^ l ©rflUS <fc 9 /hS 

2 ofmvwmx&m Lx^^m^mm^m 

m*<Dmm3>mxtb^x, *m#m&*m#&&«o£.m 
±xm 2 <omm t mmmm t * ^ =t 5 ic r t * 

ti-5t>©t?fcs 0 

[0 0 6 4] C©I8PJ©^3 0 ©389111, 

jR 1 owiftr'os 1 ommx <o mBM&mwRn 
m 2 (omwi&m 1 ©*^t-® 1 offlmx-mwmz.mm 

^^^©SijS^-CfooT, ^«sg^**fls:SS© 
±ffi±t?m 2 ©®i$ t itftftM 5 ic t 3 1 £ 

#«tf-5t)©-Cfc-5. 

[0 0 6 5] C ©^B^©^ 3 1 <D&W\*. % 1 ©¥K)te 
{ft***r*+5fefi*»e>*5* 1 ©m«c+(C^ 1 ©¥*& 
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mm^m»mm<D±m±xm 2 ©i« t mmmrn l 

[0 0 6 6] Z<D%W<D%i3 2<D%W&, H 1 ©¥*&£ 

tfk®&z^-rz>&&frbt£z>m i ©iw$* i 

3 3 £ t «t 9 ¥&ft3SftiS??$:§aig 
[0 0 6 7] £©3§BJ3©3I3 3©3§BJ3tt, 

IS l com®* ic r ©S& 1 J: 9 It fitttflE v ^Bigltt 

5*MM«Bfcjfcft£*6 r. t J; 9 

¥«ttias*##g;|£©£®±TifS 2 Oflffl* t E&&ftfe 
Lft^£5l£Lfc;Lt£1#mit-5t>©T-*>5„ 20 
[0 0 6 8] £©$g8J!©f5 3 4©$5SHfi, %l<T)¥-i!i)m 

2 ©m$fl 5 S& 1 <D2f[pKC|g 1 ©MPST*£IlJlttlCga?iJ U 

US i ©2ff£] t iS^-T 2 ©^fcicSfS i ©MPS J; 9 /h£ 
v** 2 ©ran-e^BJWi-Ba^J Lx\,^*mfrm&<o±m 

l.K.m* «Kt 5 Srjfcft 5 r & J; 

9 J: 5 1= ©«36* 

m t mmmm v * «t ? k t it z t *®w. t r s t> ©-? 30 

*>5o - 

[0 0 6 9] £©3g?H©&3 5©3S9Jtt, Hl©¥^ 
tt***W1-5*ft*»fe*-5* 1 1 ©¥$J 

2 <d««*'$ 1 tojjfaizm 1 ©ran-c^iuw^iajij u 
m 1 <njjfttm#i-z>m2 ©#fticsg 1 ©ran* 0 
1^* 2 <Dmm?mtm\mnvx^5¥m#&m<r>±m 

h\cm*mik*rij8.1r 5 5 r t (c «t 

STftot, ¥**Ji* i l fe ##»fi«)±jB±-e«2©« 40 

®bmm&M^£^Zo\z^tzZkZ®®t1rZi><DX- 

[0 0 7 0] r©3§9i©g?3 6©3§BJm, m&frbttZ 
US 1 \c z ©SB 1 ©m$ ± 9 ft£tt#JBv >«»© 

jB 2 Oft*** 1 1 ©MUTgtJUJWlcgajiJ 

U fU©#(aj£B:£-f 5^2©^(6i^mi©WRS<t9 
/h £ i/^g 2 ©rafiiT'«IiJ6<]tciB?iJ LT ^ £ ^igfcSlg© 

J: 9 **flE*^«r«IJ6i- * £ P K Ufc*i»**^©K 
Jt#8n?*>ot\ ¥W#*as**fc£«©£iB±-C»2 50 
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©T?fc5„ 

[0 0 7 1 ] :o*«o*3 7o*l!il, »1©¥*W5 
tt****i-5»ftii»b'!c5* 1 1 ©¥*& 

*5*k** J: 9 2 ©¥«<Ett***ff1-*B»Rfc 
©£1" 5$3&©Sil 2 ©€S^/4 s SVM^¥fTtc^SiJ6<j(cE?'J 
LT^5^flsS«©±ffi±^^^«it^^-f5*^ 
(Hifcjfcft **4 r t ic X 9 iNM^JR^SrllJti-S J: 5 

{^S«©±ffi±-C^ 2 ©«Si!S t jfCSKKtt L^v^«t 5 fw L 
fcrt5r#®t-r5t©-Cfc5o 
[0 0 7 2] w©^?^©^3 8©^^«, &l ©¥*$£; 
»***Wi-«IS*!i>fe*5*l 1 ©¥*£ 

^Pl6*SJ: 9 iS5^B 2 OJFK&^ttttfleSr^i-Sim*^ 
SS1-5^ic©m 2 otWE^SvMiWTl-afliJWtiEW 
LT^S^*»S«©±ffi±l-^«5tSr^-f5¥3| 
^SSrfiKS^ ^ k \ZX 9 J: *> 

{tLit^mm^mm^rnvh^x, *mm#*m 

[0 0 7 3] r©$8Hj]o§5 3 9©^Wtt, 
« 1 ©fMsW lc c ©m 1 ©^«c «t 9 iNidttasigv ^ifiill^ 

?|Jt■rv^5¥^s^g©£ffi±^c^^iig^^1-5i^ i 

5»-Lfc^#^©Sa3g^feT*>oT, ^frJf^^ 

bfc r t £ + S t © Xh 5. 
[0 0 7 4] r©^0J©®4 0©^BJH, ^l©ip*9iK 
fiCffiS SIS* *» fe ft S » l ©^^^ icJK- 1 ©¥*& 
lto{4?BS«t 9 JSV^-2 ©¥£tett***#1'5tf*©SI 
2 ©®«AS^ 1 c7)^[p]|cm 1 0>MM-?ttBiJftfc£?<l 
1 ©*(«] k%*£.-tZ>%2 ©^-fSilc:^ 1 ©MPS J; 9 
^* 2 ©MBTai'JWf-SayiJ LTV*3S*0>±iB±C* 
^•flliiS:^i-51*fiJtg$*5 S. t ic J: 9 Sl^SrlSiig 

ffi±T^ 2 ©fgJUc t ittgfglftfe Lft ^ J: 5 1- Lfc £ k 

mtrst©-efc5. 

[0 0 7 5] r©38BJ©fS4 1©^BJI4, |gl©¥^ 
RM5«**i-5*S**»5)ft 5* 1 £8 1 ©¥*& 

^Pi&?gg«t 9 m^m 2 ©¥«&^pa««sr*-f 

2 ©^«*s^ 1 1 ©MRS-CSfliJfi*I^Be?iJ L s 

« 1 ©*!"] t 2 ©*|6]KS& l ©MPS J; 9 

^m2<Dmmxmm\z.mmLx\,*z&m<a±m±.\c% 
*mm&Mf&'tz>m&tfL&2itzz kictiom+iMm 
1-zxoizLtzm+vmmxmxhix, i^s«©i 

®±r-^ 2 ©H® fc KfttSMt Lft ^ J; o \c Lfc r t *® 

[0 0 7 6] r©38IE©S&4 2 038WI4, »ftA»5>4S 
jB l ©fgifEf K;i©Sg l ©^«ci 9 «Att^BvHSft«> 
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m 2 i <a2n6H-jg i offlMT-mm^mm 

U ^l(D*|S]tE^i-5^2^|6]^mi<OWIli l 9 
* § V ^ 2 OMR -Cftftlti MEW LT V % 5 ££ ©±ffi± 

<D±ffi±-C^ 2 oft* t E&&« Lftv > «t 5 It Lfc t. t 

[0 0 7 7] rc^rol4 3roiilit Hiro¥*&<B 

i ©tMM>te* l ©¥$> 
<Ett*«J:5«^*2«>JF*&tett*««r*i-sa»ttfc 10 

■frS r t ft J; 9 Sr$Sig1-5 J; 5 ft UfcSff^oKJt* 
ifcfiot, l^S«©*ffi±-em2w®«tE^g?tt 
Lft^i 5 It Lfcri£#mt1-5 

[0 0 7 8] tC0$PJ©^4 4 03&BJII4, & 1 <DW-^!k 

-£5 r t it <£ 9 Jfrf-fcMfrt-S <fc 5 It Lfc** ©KilEfr 
Sffeot, l^S«o^iS±-C^2©«H«i:Emg|«J 

[0 0 7 9] r©»W©»4 5©»WI4. 

ft l ©M«E^ It r cl l <DijH# <£ 9 ££tta<JS v 
^M«i-5lS®:»^2(0®^ssv^^smic^IiJ6<i»ciE 

t. t It J; 9 m*&W&irZ «t 5 It Ltzm+OMfe 
^ffeot, l*sg8t<D±ffi±-?SS2©iB«eiE&& 

[0 0 8 0] r-CDfPJcDl? 1 6~ft4 5 CD^CXfcl^ 
T, »l©*lSa«)*2©«*(DlBIB (BlWffiBS) $>5 

w*mmmzMiEi-zm2<Dtm<Dfflmft. roam© 

<Df&2©0i#©Kll (f 1©W fcM^ttiWMKfcJi 
ft-f^f? 2 ©^©WRIte, AfflWfcHt 5 0m m«if 

*<1t%i 2 ©6S$©Pd1llfo5^l4ft 2 ©M*Sfc©E?iJraR8fc 

m*"Cfci. t©3PJ|©ftl 6~ftl 8, |22~I2 40 
4, 12 8-13 0, I34-S36, |4 0~$4 2 
©»9Ilt*3V*-C. *2©#GJ©«2©««©IR|I1IH:, £ 
*WKttfBlolWHJ:D/J>*v^«H-ea*Ka-Cri:*s 
t^t^tfc!), ft 2 It 4 5^, -# 

I$|tf4 10^ mtU± 1 0 0 0 u mUT, ASfH)ltl4 2 0 
^ma±2 0 0jtm£tTt*i)5. $t>lt, **WU:S« 

ttlt7#&-t£*ixftV\, ft2©*-[S]©ft2© 50 
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flH*©5fl*S^t4WlttK:3ffiSE'*-5»2©«*o*©± 
(8£7#i: Lfc©!4, ft2©#fa©ft2©fi$©?i|fc5 
^tti«l«tfcJiEffii-6JR2 0iB«©nHllcJ:oTHt, X 
? ©^ y y-iM X ©BMRT*HWKt 7 

©*T6] ©ft 2 ©0l*£©?lj h 5 V > (4EiHtt It Jg&f £ ft 2 
©«|*OjRl4, -JKlt^ y X#/h $ V^VfMBft 

[0 0 8 1] Z\<D%W<D%S 1 6~ft4 5©$&PJ3lt:Jo^T 

14, iiaen^OwtW:, *©ttJtfcEUi:vMB0. r© 
$PJ©ftl~ftl 5©aflJ3ltMjiLT^fcti#£:£ 

[0 0 8 2] r©3gPJ©ft4 6 ©£9114, ft 1 ©WIS 

{fc*«fr#-*-$»fta»e>45!B l ©««+ ltj& 1 ©W> 
<Ett*«J:5Kv^2«>sF«WEtt««4r#i-*SS2©« 
***T-f 48fls«* I I I-Vift^(|JHHt:SSoi 

ffi±itg<t#i3U i i -v»his£»¥**«4:i**3-8- 
aiSfcUiSMMMU i I -vfcflsafc^fWi©* 

ftM^jboT, a<tft*i 1 1 -vm<\z&®>*m#m 
tmmmi 1 1 -vm<b&®>*m#mm<o3Lm±x°m 

2 0fffl*£ffgH£j|fe Uei^ 4 5 It tfc^ t &®mk i-5 

[0 0 8 3] r©^BJW^4 7©3gPJ!f4 N ^1©¥^ 
tt«f***1-5»*!0»e»ft5»l ©ftttfltSS 1 

XM>&& x 9 2 ospJ&^ttttiftfc^ri-aiK 2 oft! 
«tr*i-*«ft**l I I -v«<k^ft***X*o* 
B±lt^{k^mi I I -VM<k&®>*mftm$:fii.&iS-£ 
5 «t o It Lfca^ttt* I I I - VKfc&4fe¥*ttJlojft 

1 1 -vm<k&®*mft&&<o£.m±-X'm 

2 ©fciSE i Eg^« L^CV > J; 5 It LfcC 1 5r#m 1 1" 5 • 
[0 0 8 4] r©^P^W^4 8 05IBJI4, ttAd»&ftS 

% l ©ii«+lt t ©^ l ©fji^J: 9 ttAtt^JBv^ 2 <d 

mm*G-rz>mm% 1 1 i-v«^«b**»*«o 

iiB±^aflS»*I I I — VSHb^4to¥«f*:JB Sriftft ^ 
**±5l-tfcSfl:«»i i i -vm<k£rto*mm<D 

iwfcot, mmm 1 1 -vims***** 

i i -vm^¥»*S«©±ffi±-e 
*2©««4:e»»ttL>!tv^J:5lcLfc-4:«:1#»i:i- 

[0 0 8 5] L.<D%W<F>Wi4 9 W^PJI4, £ 1 ©¥*$fife 

J: 9 Kv« 2 ©¥*MSffi**«T*"1-SSI 2 

J; 5 It It^lo^SfJbot, 
J»«c»««>±ifi±-e!(S 2 b W&mm v ^ <fc 5 It 
L-fet i: «r#mt1-S'b©-C-&5„ 
[0 0 8 6] r©^BJ©£5 0©%P^I4, £ 1 

»*«*«-*-a*&aa»fefcs!B 1 o«*«f 1 ©¥*s 
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XW>®g. J: 9 »v^*2 ©Jp«&>:H6af«SrWi-5* 2 ©€B 
[0 0 8 7] r<0^^(D^5 1(D^KI4, ||Aft>&&<5 

[0 0 8 8] r©3g9J©g55 2©38l?m, BlWJP^ 

MMMt L4<^ «t 5 1 Lfc r t irS t> 

5„ 

[0 0 8 9] :o^|©|5 3 ©389m, ^i©sp*&^ 
XKMS&Z 9 *^SB 2 ro¥^R6®«Sr#-r-5|g 2 ©IS 

jttg&fte L4v » «fc ? Id Lfc r t frfflft i 1"S t ©-?*> 

[0 0 9 0] i©»W©*5 4©|8WH:, 4 3 

9$ l ©S«t r. ©SB l ©««c i 9 fitt^Sv 42© 

iff»«*L4v^J: 5 lc LtcZ b trW»^4 t>©-Cifc 30 
[0 0 9 1] r©3§9!©^4 6~®5 4©J88fc:l3^ 

1 1 1 - vmik&mtm&m. ^mwrnu. ^g&Ji , 
Sffi, «©tmfcov^ttu r©389j©3gi~sgi 5© 

[0 0 9 2] ±»©J:3fc*J*3ftfc::©»JIfc*s^T 

1 1 1 -vteft&m*mm. *>zwmw*. h% 
i^r±#«©tma»?>4aji#, mm% \ 1 i-v^k 40 

[0 0 9 3] 

[3PJ©Htfe©^fi] EiT, r©3gw©Hi6^li^ov> 50 
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THiBS:#!HU4*«fettW-*-5. 4*5, $MBI*tt®£BI 
TfflV^G a N&Rl&^U @ 1 Afi£HlEk llB 

i4iwSB©siem*i6i©»fffiia, Ei2«iFa5ig-efe5 0 

^©G a NfitKl finS-C (0 0 0 1) ffi (Cffi) 
Tfc5„ fcfc'U GaNSfiilttRjB > Affi^fcttM® 
^©t^TfcoTfc «fcV\, rWGaNMll-fcV^t 

JWWfcgETiJLT^S. ::t, SB$Bli*j£##ft#© 

ffiB&fbLTna^t LTfeS (fiHTPWO . r©# 
3\ *i^©**BR±«rlt£tt*H:GaN© (1-1 
0 0) #fa*5j;iH:;fti^*4:£ia]i:-&LT^5„ it 
fc*U *ifflg©@#B|5]±£ji&.&Ei&l£G a NO (1 1 
-2 0) #ft*5±tf*ft**fl54#ffl*H^3J:5fc 

LTti^o ^HEBttGaNSlgl fc^fflLTV^. d 
©G a NS^l ©if £(i#Rli2 0 0~6 0 0 nmXh 
4*5, B2 0tt*ttffttm©tB^4ttttBlfl**?i* 

[0094] m®B<DMMmm {MaSM<ow®B<o^h 

®±<DfflM) 4 0 0«m, *OtIStteiJx.li*2 

OjtmT-fcS. «*A«)i|i*S(Effi**|±«*.tf2 
X 1 O" cm" 8 , fe®B<7>¥-ti)mt(L!&mZ®\Z-\il X 1 
0 s cm"' -CfoSo fl*B©4''6*»fe i l i a*lSlO(Ett* 
g©^*©-01JS:SI3^-r o rcOGaNSIRlli. ifg 

^-C#5o o©GaNS«'l<Ojaig|CfflVV5S*6<34iiS ' 

to&mz.£9s (SffiS©^P(6^t4?.„ *©77t2/ 
Sft-S. ro««lto^lllHB«o««CJ:oTs 7rt 

yX^<D77t?Hi:/i5. fiKS@©^E 
9^5„ ^Jxtf, ^f a *^^5S^&5, * 
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&g*|il&ft«li, WWi&ftttXsXm , «5 4:K9J' 
r©i«i&g£lteft$£^LT/&ft$-£*^fclc 

U*. -t LT, r(DTiftSffi±lC, «*.tfs iO, mt> 
»i, H2t*i-««B©E*ic»(t:u 

f?*->- (HVPE) GaN5rJf^fi)c^$-ti: 
S. Jfcfift, G a N ©JWUlf <D«ffiUl{2, «OaC*-V 
Wi:j£Cfc77ts/hffi*W^5. -©&1©H 

-fey hSBfrfcjfcStfy H#«B!|jEt<»*Six*. - 

h 7^ y^o/^-y 7-yxAtt 

BSr¥ffl^i"5o rtUCJloT, GaNSSl^lSig-f 
5:tm5„ lit, GaNSSlOff^li, £ * 
Kl«9!J£1-5£fcjls-e*5. r©i9(-LT®JigSnfcG 

WXroKyhtt (fc-SVMi* h7-f^) Wil5?gg^a& 
ft#, ■r4*>*>«*BiS«aiJlEU<»»S$4xfc»Ri:4 
oT^«. ft«B£JW©ltiiStiSlft9u -tt£t>him.A 

« s fHWB^jt^rfliiiBitfl&aeiftoTv^. 

[0 0 9 5 ] (S4lc;i©G a N&&1 ©ft^BlC^ft-f 40 

zm&.&imxm&.mzTfi-r,, &g a nss i 

±im 5 ic^-f J: 0 KG a N&^IWf L£j&6£-£5 

fettB LTftSt!i*fiTi-5. 
[0 0 9 6] *r-C, r<5D^l(D^li»fi{CjoV>T(4, 
H6lc:*-f.fc5K:» ^y^v^ldj; 9ft$B©±gB£8l 
^Dfcft^-rs,, 8!£Dli0iJ;ll:f 1 ~1 O^mit 
5. r5-r5r.tT% fti#B©Sffi*\ GaNg$£l© 
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(MOCVD) mt£¥\Z£'9m*M&t:Ml$.i-?>Gfi N 
tlZtztb, GaNSt£l(D±ffi±lCfi)cfttfcGaN^ 

*#i l <fc &&&w&Rittt^x o mi-s 

I0 0 9 7] WtfBOay^^ttatroiSlCLTfTS 
rt^-Cf5 0 GaN^C««I I I - 

vmk&®*mm*<t*mc&i£X'. mm<d. *mt-r 

LfrLK&b. GaNlfil [C#^Xm®B\*&i$A\Z 

\t^x^.^mm. x u -jRWfcttA»**Ai-f o t m 

V\ r©4cl*«**Kv^«B-e«:«S«AfcJt'«-Cl6fi 

i£nft«A«t!) ti? ^^aflftfa^fcfc, ft#B£ 
nWLAictlLxmiRtol^'y^ir-rzz b&XZZo 
-<D*y3-y?\X ft#A©SJffi$ri^* Kiif-?^* 
LTtToTfciV^, GaNSSl^Ixyfy/ 
1- 5 r. k fc X o t t> ft « B £ it *aftft fc* - y y ?1r 

x-y*>*mt±, TWJmWik LX\$*Wtit 

*U-7A (KOH) , $tk fC«y V^ifSrffl^Sr 

^y^«*lcAlxfcKOH^^7 5°CIC»^U, 

^w^icGaNSSti ^i ottmmL. x-vf-yywr 

mGaNS«l^I&t)IHL, IfcKft^Srfi 1 ^, «MkS» 

«cB Srifft 5n mff>m£ * 5 C 2 

T\ :©xyf ^/tl-G a NSS 1 (0lliix?f y 

Strf&CT, G a Nffitgl ©SSCltflJ X.f:EJ?$ 2 0 nm 
©T i f&tmZ 3 0 0 nmCDP t R k 4rl®*fflJl Ufc T 
i/P t«*RS*#Sfe*iflcJ:5»j«b-C««BSi: 

r©T i/P tRl^Jx«3E7Kfc<J;<3 3i ; /^v^*1- 

[0 0 9 8] ft^B<D^;,^^^|4±tS©r7ai5, hly 

^ffl^Tv^-T-^H^^ir-cs o ot:^±©fig 

\zXVft-oXi) X\\ 
[00 9 9] m 6 G a N£*g 1 SrfflV^G 

Crfli, y •>v'fl?it*5<tO f S CH (Separate 
Confinement Heterostructure) fll)S^: : ^"'t"2> G a 

sm#\s—tf\zr>\*xvtm-tz. 
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[oioo] 12 8 tc^i-J; 5 l£, *-f , G a 

ns« i vmmzv— y --v^if^<t 9tt?* 

^Lfc&, ^(OilCMOCVDjfefCi'P, nSGaN^ 
^7rl5, niA 1 G a N?7y KJI6, nlGaN 
%WfcMl . TJ'K-T'OGah In, N/Ga.-, 
In, N#fift^#F*i£roettfl8, In 
GaN»±i9, plAlGaN^ft^IlO, 
plGaN*#till, P lAlGaN^7yKll 
2fciO!piGaN3y!5'^ Ml 3 frJlfcclf***' 

[0 10 1] nSGaN^y77l5liff^S 
tfJxJfO. OSfimtfcO, nSWI&i: LT#Rl4S 
i & K-T'&tt-C^S. nSA 1 GaN^7? KB 6 14 
»$^Jx.«l. OMmrfct), ni^jSftt LTMx 
(4S i # K— A li&fiE»ifiiiJx.«0. 08-Cfe 
5„ nlG aNfti»«!7l4J¥$tfS0iJ;tliO. 1/imf 
&9, nM^iW#)i LXmZ-\iS i *5 K-y$iXTV> 
5„ 7yF-/In, Ga,, N/In, G a .-, N# 
fiS^-#F«iitf>«ttB 8 14, 0RI4, #FltLT© 
In, Ga-, NMom&fcZ. 5nmTx = 0. 1 20 
4, V&MMk Uffl I n, Ga.-, NB<E>J¥£ ri* 7 n m 
"Cy = 0. 0 2, #F^3"Cfc5o 

[0102] 7 > I n G a N&fcgfrltB 9 14, « 

9{iIJgLT^5ffi|;:A7!>>oT I nttJSas&*fc¥l«*4>' 

swart* i n®.m*ft&m8o>mmmt uou, 

Ga^ NB<0 I niftfifcy i-ffcLTti'? , plA 1 G 
aN^rf^il Ofc»U-CV^5SiJC*i+S I nttj*tt 
OfcftoTv>5. :07VK-^ I nGaN&fcBS±B 30 
9O)¥$l401Jx.{4 2 0 nm-Cfo5„ 
[0 10 3] plA 1 GaN^y7"il Ot4ff$dS0iJ 
xtflOnrnffol pi^««li:LTix.tf-7^V 
(Mg) #K— ^SftT^S. IWpSA 1 G a N 

^^5'7'iiooAiawRiJo. 

plAl GaN^^yyil 014, plGaN^i 
11, plAlGaN^7-7h*il 2fc'J;0 ! plGaN 

ny^ni 3oM^itti8^b i nummL 

!)T (flrFO <0t-/<-7P- SrESi-t-^fcfeOtcD-C 40 
$>5o pSGaNftitmBl l»4J¥£#01J;Lf4O. 1 m 
mffct), pS^Mftt L-CW*.tfMg# K-:/£ivC 
V^. p SA 1 GaN^7y KB 1 2 f4)¥ £ ^ s 0tJx.tf 
0. 5/imT*fei3, pWf-mtk LT0tJx.f4MgjJ5 K— 
7°£*l„ A l*Efifcf40!l;lf4O. 0 8ffe5. plGaN 
=>^^^ 1 3(4)?$^^Jx»40. lumffctl, p 

[0104] St, In?:t*i^lf$)?inlGaN 
/<y7rf5, nSAlGaN^77Kl6 ( niGa 
N7t^»«7, P SAlGaN^ty7'ilO, piG 50 
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a N}fc2gi£jf 1 1 , plA 1 GaN^7^ KB 1 2tJ<t 
pgiG a Nay^ M 1 3 0>fife£i&£ ttfljjltf 1 0 
OOtiStL, I n£-£trJiT?fo2>G a-, In.N 
/Ga„ In, N#«ft^#F1Si§0?SttB 8 Ojjjtft 
flSr409x.»47 00-80 Ot:, 01J^{4 7 3 O'Ct'T 
5„ TV K-7* I n G a N&flsBSJtB 9 <0f£ft?fl&»4, 
ffcft§BteB#£t4f£tf:B 8 <z>j£«aj£ t < 7 3 

TH^it-pSAl GaN^+j'^ll OOJ&gfigil^ 
C<#Jx.tf8 3 5"Cfcfc5J:5fc-*-3. 
[0105] Ztlb<DG a NJ&¥&#B<DJ&ft!I£K4, 
Wfctf* GaroJj^iLTtehy^/W <7J* ( (C 
H. ) . Ga, TMG) , A 1 Oft® t L T 14 hV J f 
jUTJl'^-VJ* ( (CH. ) a A I , TMA) , I n© 
mWt UT»4MJ Vv^A ( (CH, ) s I 

n, TMI) £, N<7)Ig#.2: LTttNH, fcfflVS,, * 

M£OV>TI4, nIK-^V h t LTttflJx.tf* 
/v-7V (SiH, ) Sr, P SK-/<vhtL-CI4«nj^ 

( (CH. C. Hi ) i Mg) fe5^t4tr^ = ->-^ n-< 

( (C. H. ) . Mg) tffl 

[0 10 6] ±5*©J:5fcLTGaN*iMMWi 
£ £ tffc G a N £& 1 * M O C V D g@A> & H "9 til 
1". plGaN3y^^Hl3«i»;ix 
»4CVDft, X£s£*jfe, !) 
Mz-tfrnZtfO. ltimWSiO. R (H**i*) 

yi?«o»«K*Ht:Ufc]Jfe»Ro^^ 
(H*tf:f) -*»J*L. hA^-vSr-r^^ 

Hyfy^ v 4fcl4, CF. ^CHF. t£X<D7y% 
Sr^tr^s'^v^^^Srffl^fcR I EffetcJ; <9 S i Oa 

[0 10 7] JSfefC, r«S iO. m&~**i>}l LTR I 
EifelCj;^ plA lGaN^7?Kll 2<DW.£1jft<D 

(1-1 0 0) ^ipJKJgfc-ra y 4 4: 
Bfa-fZo rcoy 5/v^l 4<DitIf4^i^.l43 AimT?fc5« 
ICR I EO^-y^V^Ty^t LT(4«»J^H^|{l^^ 

[0 10 8] ftld, syfy^^i LTfflV>fcS i 

Bg-rs. crolfei^ISi 5i4«^l6iSt*5j;^ffi«Slrofc 
[0109] y y^77^-tc4ti pdimis^ 
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(H«*-f) S:»dli-5. 

l^<t 9 . PP 1 5 a Sr^-fSo 
10 1 1 0] Xfctc. l/^ h/^->-4r^Lfc44co^ 
•IT?, ra&9Kff£l»^*$£J:9fl:UfPd 
K, P tH*J*tfAuK«ll*»*Lfc*. us?*h/< 
*->«r*©±£JgJ*S*i,fcPdBI, P tglfcitfAu 

tMKl 5 ©MP 1 5a4ICtplGaNa^^ hJ| 

l 3|;3y^? hbfcpflWmiSi 6jjsj&$£;h,3 0 10 
T, :© P ffltSl 6£«J&-f 5P dl, PtWiSiUt 
Aul«)f ^fi^Rlf-ttV-^ftl 0 nm, lOOnmii 
£0*3 0 0 nmi:t-5 0 Jfcfc* pWSie^-^y 
* ftftit $ ■£ 5. * © 7 n 4 t&M 0 o 
[0111] G a NS4S 1 ®Sfil£ffl*.rfJl3SK 
*2fcfcJ:t>W;UfT ill, P tK£J:UtAulgt*NB&£ 
$U T i/P t/Au»5t©n«Wil 7*»*i- 
5„ ZZX\ :©niiil 7Sr«^5T lK. Pt 
K&JCtfAul^OJP^temtf^ftmi 0 nm, 5 0 
nrnjoitfl 0 0 nmifS. ftlC, n ffiiJtt® 1 7 £ * 20 

[0112] Hi 0{c^-t-«t 5 *?fflft2 
© «t 5 K UT U— «IKi#»jjiSJlfcG a NS1g 1 ©* 

tf>* ? KV^fcfSB!* if ft <t 9 ff o ^b-f 
5o 

[0 1 1 3] Ell 0|C*5^Tf^ ^w-ogM»s--3 30 
©G a N^¥*gftU-iF£*U- *©**f*ifiK«A>H 
fcK^s u-f-'^ h 7^7*3 T'fctK wix*383tfi««0 

- 4 ofiifl*s#lB»lBiiilcffiai-*. 

[0114] El 1 0 |C^1-fi9J^fcV>Tli, G a 
#U— 0 0 jumX 3 4 6 ^raTfe 
9, WSfa (ftfflirfl) liMBlrijSjUlCjeot, 
K^riAl (fiifl*|6l) tt«*B*»&fcV*arj*fc»oT\ 
^tv-ftvStgW^^^-Yfc'vSrfTPrtfcioT^rof" 40 
-YXtf>G a N%*mw- \s—f£.&mtZ>. 

[0 115] l«Btt*GaNl^U- 

9— icoi^TIi, El 1 O^pw^fSjWiSI&lcj'&o 
J:9»i5t»**ix5^, *<Diam#««B«:iifefcv* 
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fftwflrj|5ri«stt5. SLhKJ:tK 0 1 lie 
^•fi^lc, BWti-sy y-^fllitiBiVSCHlPHSSr 
*-t-5G a N**»#U— f&mmztiZo 

[0 116] £L±(DZo\Z, Z(D%l<DmMMmz£tl 

« i <d ? t>fH«B ©±g»«r^ y v) txm 
MBomm&G aNmmi<D±mfrbMLit±T^ r© 

G a NS« 1 ±|C U— G a N^^fls 
5Ga N*^ft:llC^B©ffij^^Siifi^V>J; 5tC 
< S^©G a N*¥*# l>— f*mtt 5 £ £ 

[oii7] m*.x, z<om\<o%m^m^Mt, m 

tti8l:iLT7yK-7'I n G a N#lU5filk|f 9 #K 
It b*U Z.<DT> K-7* 1 n G a N^ESlhl 9 left L 
TplAl GaN*-V?'7'll 0 ^ixT^SO 
T\ TVK-^I nGaN^l2l»±S9tJ:!?, plA 
1 G a N^-y 5/7*11 0tcJ;tpSttl8H^4-r5JC£:^ 

[0 118] ^1', w©*WO*2«)j|l6}B«»CO^T 

IiiBJ-t-5c Ell 2(^1-J;5K> r<D^2©*H^|g»c 
tJl/^TIi, G a NS^Sl ©^BtD^Sr^y^V^lJl 
XVm&L. *©«»fr«^fca!ilM2l-6. -t LT, El 
1 3 9 ft, ^©GaNS^gl±|wMOCVD& 

w:i «^.i (Dmmmm t m&x-hzvx, %tw 

[0 119] iO*W©*3©iafc»»lCO^T 
UiPJ-rSc Ell 4lc*1-J:5lc, z<Dm3<nnMJ&Mic 
fcv^Ttt, ^i©Hi£^ffiiPl^lcGaNS^iroSB^c 

5. fH«B»|$Att^ffjgeA^AttJ:9SV' 
rt^UfflLT, ««A±-CI4**i««i#*iS, M«cB 

±Tttjitft*»fi*ftv^J: 5^ft*ft=-eMOC vDfe/i 

WJlJ:9GaN»**ft:aL*»Sft**5. r©^*, 
G a 1 ©±Bk +4i3t»**A±i::©*G a 

^»fl£SL^g-r5J;5^1-5rtdS-C#5„ ±iati 

m&i-^o z<Dm3<nni&Mm\zxvxh> miofmm 

[0120] jfeic, -o^BJom4©*lg?l^^g|c:ov^r 
^■f-5o Hl5t*tJt5t, r©^4co^ifi?g|®lc 
JSl^Ttt, ^lWUffi^ffiir^lCGaNS^l ro^ttc 
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w<DiK*, GaNMlO±B> 1"**>*>fi«A±d>P) 
G a NX^MIfMI L tfflttrfflj&jl LT8t*Dt B ©±# 

5©T, KKSr4lfl»i-5. r ©$4 ©HitolMBfcioT 10 
t, HllO«ll0»»fcn«lft«jS*r#8ii:*«-C*ft. 
[0 12 1] 5 ©lOtoBfcfco^T 

Rw-fs. ni6i:/Tti5i^ zv>m5<DmmMm\z 

tti^Ttt, G i NtSi oiiBo 5 %«BO«»*rS 

5 <t 5 ic S i O* Blfc if OilfegaK l 8 Sr^jS-f 
■5. rcoi^ai^l 8(1, M*KB*^ta5wtAS-e# 
*vtfi:*©J;5ft^T-;fco-ct>J:<, i«B(0 

m<D£fiMb LTt>> $ P>{c«-3?iJlc^fc^B*5J: 
tf*©IH0«£»**A«:££K«5* h^TWi 20 
LTtJ:v\ #a-> 0 l 7 fci^-f i 5 :©GaNS 
IS 1 ±CMO C V D ifeft biz. X <0 G a NX¥*ttJI L £ 

fcttSG a NS« 1 ©±E±K©^G a N$¥*fMi L 

±15^*1-© rillli eoHlfejgffi t ia«-0 

ho 

[0122] fcte, r©3§W©S&6©ilMiKo^T 30 

*5i^Tfi, ftsommmtmrni^ GaN£tsi©± 

ffi© 5 *>SI*£B ©aj^-Sr^fcB p J; 5 s i 0» 
if©lftMll 8Sr»|jEi-4. &tc, 1211 83oJ;tf0l 9 
t^-rii^^ST, GaNlffil±CMOCVDi£!iif 
Srffl^TELOtCj; 9 G a N^*ig#JlL&#|#!p,jfcg 
3*5. Ife&lgl 8±tW«fit5Ga 

N»**»JiLas#*1-5. fcfc'U GaNi^ftl 

^l<DHJS^ffitl^«t?fo5WT, KWSr««H-S. r 40 

[0 12 3] ^fd, ^©3Pj3©Sg7©||JiMlCOV>T 
[SI 2 OlC^-fJ; blZ^ Z(09i7<omillSMWtK. 
tS^Xtt. *10*lt«tt4:IBI*iiGaN»Rl<0*« 
B<0±g|5£:£s/^:/|&*1-£„ GaNSSlffl 

^tsics i o, mtt ¥<D&mm 1 8*«u ®«b« 

I ESxKJ: D&gt&i 8©:i:y*/<y*trfi , 3;r iKJ: 
5, ««Bolft*»ic:©*r©«6IMti 8t»i-. w© 50 
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»5*fcl±»6©Sllt»tBi:iai#iC x GaNStgl 
±tGaNl^S*|L^IH5 0 ±ISW^©ri: 

\tmi(ommmmbmmxh?><Dx\ 

[0124] fcfc, r©*WO*8©HJ6»l8fcOV^-C 

*Jl^Ttt, 1 1 OlWIiHiCG a NlKl ©g« 
B©±g|J^3:s'^>^*1-5o GaNS&l© 

^ffitcs i o* mtezotmrni 8*m&t&. w©<t 

«»6iiftv^a«fc^*k^1-ft. JSkt-. ^JitfR I E 
ttc£J:9iftftRl 8<D*>y*f-'<y**noZblz£<9, 
««A±©»«R 1 8 S:l!St*i-S. ^©$> »5*fctt 
«6©Wft»IBi:TO*IC, CaNjESUKGaNSR* 

mbmmx*ibz<DX\ mwmm-t-Zo r©»8©«* 

[0 12 5] w©5MJ©*9©IMfc»tBteov*-c 

ttWi-s. 02 3 fc*i-± 5 ic, ^©®9©^ifi^fiic 

*SV*-Ctt. J|ll©Jt!KftM^Nflt£GaN£Cl«HMI 
B©±a55ris/^y^*f 5o GaNglKl© 
£fflKS i o 2 KftjfoMlUli 8*«jftU «bo 

^5©HSg^fllt^<c^lc/^-=v^i-5 0 r© 

m5*^ttm 6 <Dmi&mmb GaNSKi 

±|CGaN^^#^lL^^fi$-ar5o ±IEW^©wt 

Z©|g9©Hlfi^fi»C«toTt, ^l©Slfe^fl§tlHl^ 

[0 12 6] ftt, ^©I80J©«1 OOfflteBttfcoV* 
0 2 4|c:^-rJ:5^> ^©^l0©Hifi^ 
«KJ8V%Ttt, ^l©H«S^lii:TOCGaNSttil© 

f-y^**tt+»t*#<» Wium+iimn&bt 
Zo J^(-s 0 2 5(C*1-i5l-v GaNSKl©^EJw 

s i o 2 mtmoimm swm-tzo -©tt, mm 

^SJxIiR I EjSfe^iUiffeSIKl 8»s^ 
y ^ ^ff 5 r t J; 0 , 0«c A±©iffeiS^ 1 8 fc&NH" 
S 0 C©^, ®5*^l*H6©Hifi^litll^, Ga 
NS« 1 ±CG a N3R^f#i L tl«ft* *5. ±EW 
^©iili®l©*«5^tPl«TifoS©-C, tftPJSr^ 

[0 12 7] »:ld, r©B^©^li i©H16^ffi»cov> 
0 2 7\c^-tX -©^l KomWM 

ffitCtJ^TIi, G a N£$£l ©ffli|cA©tt'{C®igcB^yN 
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ttfcHJMWfcEai L"0> 5 r k itm l oHJI^fil 
fclatttf * fc«*B ©¥$<E(ft*S t ©4> IBW4¥*WB5 

(t*flEI4 2 X 10' cm" 2 «B*£B©Wfcffc?SS 
11 1 X 1 O' cm" 2 «8« C©¥9*stfc*«tt 1 X 

10* cm" iO'l^<> 2X10' cm" ±t)*t 
<, MZ.ti (1~2) XIO' cm"SS?fc5„g« 
B©Ic?iJjg») (SjE&©M$B©^CMl±©raPB) ttffil 10 

fc, GH$C©S:&H0>J;iff 1 20 )i m-efc5 o 
[0128] r (Oft 1 1 ©5Ht»«IK*iV^Ttt, IS 1 © 
3SM0BIBfc*JV*TttG aNlSl ©fpi&B <D±&%=.y 
^Vr/tCi^l&SLfciWfClttU G a NSt£ 1 ©fjBtgcB 
13 <£ tffitt C © W*"©±S15 £^ y f- V ^(C X <0 Gfc*1- 

"C. r©SSl loSQIl»l6ltJ:oT 

[0 12 9] ^©38PJ©f5l 2©|llt^ffitc:o^ 20 

-cbwh-s. ^©^1 2©HJI^Ii^V^-Ctt, $2© 
HI6JK*CJ3V^TH:G aNMl ©®$B ©±g|5£3i y 
^>-^(C J; 9B£*Lfc©».:2tU GaN|«l»S«B 
*s <t ueffitt C © 5:^ 5/ ^ >- ^ic J: 9 

•5, ±saei^©wfcttiisi*ij:v*i i©Hi£^«gii5] 
xmn-&. ^©m 3<r>mmmm\cis^xit, 213© 30 

HlfeMffi.tw*5^T.HG a Nlfi 1 ©fjli&B ©±S5£:t 
^^£9K53cLfc©K*tU GaNltl©ifB 

5 0 ±KK^©^4:ttJBl*Jj:t«(Sl l©HJS^«gtl^ 

-c*a„ 

[0 13 1] ftlc, i©*PJ©^l 4<DMW&1&IZ1^ 

Hlfe^ffi(Cj3V^T»iGaNS«l©^B©±a5S:iS' 40 
^;/KJ;tm*L*:©lC*fU GaNSSlfflSiB 
*jJ:tffH*C«)W*-o±»S:3iyf->'^k:J: •>!»*■*- 

a. ±few*©;:i:i4f&ii3.fctmi i©n«B^fl8tP 

l^otfe, »l©Sat»tti:IB]«/j:!BI/R«r#5ri*J 
-C*5„ 

[0 13 2] jsJct^i. r©SPJ©IBi 5©*lfi»«lcov^ 

■ciMii-t-fi. rro^i 5©iiJ£iJ«g(c;*3^-cf*, ^5© 

Hife^ffifCfcV>-CI4G a NSfi 1 ©<i*B SrS&Jilig 1 8 
lC«f9Sofc©(C*j-U GaNl«l(OWBi3iOti 50 
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mi . »5J3J:t«Bi i©HJfi^litP«^&5©-C, 

l ©H«6^lit^«**iJ^S:#5 r &tfs-C*5„ 
[0 13 3] ^©9§BJ!©g5l 6©Hi£^ffilcov> 
TRW* 5. r©H 6©HJS^ffi^^Tli, IS6© 
»il:fcV^tttG a NX£ 1 ©®«B fefettK 1 8 
(Cj; «? IS ofcWKttU GaNS«l©M*£Bt5.tU«® 

«6C©M^Sr«68dKl 8»ci?»|g5. ±IE£i,^©ri« 

jgi x *5isj:t«Bi i©*ttee^ra*-e*>5©-e» 

RW*«»r-S. r©^l 6©^ife^ffi|cJ;oTt, ^ 

[oi3 4] fcic, r©3§w©3Si 7 ©h^hko^ 
rra-rao r©|gi 7©HJfe^flUw*5v^ii, SS7© 

H16^ffil-*3V^T«G a N££ 1 ©^*§EB <D±U&*- V 
^V^KlJ;?)|&£Lfc©lC*j-U GaNS«l©SliB 
S3 iU ! ^«C©(^*©±lfl55ri J; «? 

5. ±m©wciiii, »5 43j:tMii Kommr* 
mtmmxhi><Dx. t&w*%mtz>o -©sn 7©n 

rt#-c*5. 

[0135] jikic:, c©38fl©isi 8 ©iliSJfmico^ 

-cRWi-a. r©gi 8©nts^ii8^*5v>T«, S8© 

lUtJBttlCjSV'TltG a NK&l ©®^B©±gP5rX2/ 
^>-^(Cj;t)^*Lfc©(C^t. G a Ngjg 1 ©^B 

5„ ±IB£Jl^©^tH:^l, »543J:V*1 l (OMMM 
rt*5t?*5„ 

[0136] ftli, i©^K©H-l 9:©HiSjg«i^0Vv 

TRBJi-So r»H 9©Hlte^fl8iitsv^Ttt, ^9© 

UlS^fitCfc^-CliG a NStg 1 ©®l«B©±aj^i v 
f-^^Cj:9BSi*Lfc«)l£itL, GaNS«l©^JgcB 
J3 i^«C©iS5*©±lfl5S:i s,^ ± ►) 1^*1- 
3„ ±IB«^©rttt^l, ^5*3J;^1 \ <o%m> 

mtmmxh?><Dx, ttwstfNM-a. ^©^i 9©^ 

asJKttlcioTt, 0l©Hlite^fl8t^«**iJjRSr#a 
r t7JST*5„ 

[0 13 7] 2>clc, d©^PJ©^2 OOSfcltegflBCov^ 
TRWi-a. rO*2 0O*l6»*lti3V^Ttt, f 10 
©HlSiigflSfc*5V>TltG a NgtS 1 ©®^B©±lH5Sr3i 
"J^LfcWICSffL^ GaNStSl©^ 
B *5 i C © ffi*©±gR Sr * y f- S X >0 Mitt 

a. ±n&.n-ff>zkt*mi> ^5*5ct^i \<ommm 

Mkmmxhzox. ftLWItmWtirh. r©if20©^ 
J6^flllcJ;o-Ct. »i©ltlli»«i:IBI«<£ffljft«:*5 
r ktfxzz, 

[0138] w ©389!©f! 2 1 ©Hl£^^oV> 

■crai-5 0 M2 8 ic^-TJ: 9 C©^2 1©Hlfifl0 
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[0 13 9] ^©gl2 1 ©Htt?BttlC*i^TW:» SWfcB 
©>|»i£>n±trli*lUia»b45. Steffi 2 ©ItSSiffill:: 

r^5o r:-e, «fcBttiEtt##i^©T\ 8iU£aj;9 

frff S OS©* 5 LXm®Aff>mfti>% 

A©a$#©4&Bl4¥fii 45. 
[0140] $ itS ©14, u-f ^ h 7 

-r7 , 3©ffiES15^T*fe5^, 0 2 8K*-rJ:5ftS2«-C 
fcfttf, ^JSgB©SiJ^©«ffi(43S^#tt^ifl-3S^^ 20 
XtfSftlr*. ±E«*0>- trt^lO^lfe^ffitR^T- 
&.5©-T\ tMU«:«l&1-5. :©i2 1©3US^I£K:J; 

[0 14 1] Z.<D?m<D%2 2(T>%WbWZ-r>\i^ 

V^5G a N£*g5r^-f¥ffiEI"CfcS„ 0 2 9 t^-fj; 5 

* Yy4 7°3\z.%*htji^£o\zm*ffi$.2t>mfeZix 

•So S-rt, !f* h7^7°3»i^B^fe 5 0 urn 30 

[0 14 2] iO*W©JB2 3 ©HlfcJ&tifcO^ 

■C|ftBJ1-.5„ 0 3 0li;i©fS2 3©*ffiff£f§l£:fc^Tffl 
V^G a Ngtg£^1-¥E0-C;ib5o -©GaNglgl 
linST'CE^fiif fc5o fcfcU GaNS&lttR 
ffi, Affi*y u c(4ME^©"b©ffooTt l <tV\ -©G 40 

iiGaN© <1 1-2 0) *(6]lC0iJ^li4 0 0 ^mP B 1H 

-C«JWWfcE0IU <i i-2 0> %tmtW.&1r& <i 

-loo) ^ffl^Rcf 2 o~i 0 0 nmMm-vmwft 

|dia?UL-C^5„ fcfc'U <ll-20>#Gli<l- 
10 0) jjftk&AnWZ.Xh£l<\ 
[0 14 3] Cl©f5 2 3©H*»IBtC*iV^-CHc, 0 3 1 

# (1-100) #fa©<»t§)(Bro?iJ£il?K *»o, U— 50 
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f * h 7 -f 7* 3 » Z <Dffl$, B ©M©|B©««© tf&ttiS 
fcflHl1-SJ:5fc**«*2#MJES*i*. ^©»3\ 

^©rt»4^i©nss^tm«-efcs©-e, 

[0 144] W:> d©3PA©gi2 4 ©HJgflSfgKo^ 
TUifl^-rSo 0 3 2 tc^-t- i 5 K> r©^2 4©3lJfe^ 

Is— h 7^7*3 fcWfc-OODiMM* 
(1-100) ;fr|n]©®*&B©?iJS:iI?K fljl^WSfflffi^ 

£©»£\ *MHtt2KliflMI.B©;iJ 
ttlUtWl^*iX*V\ -hfE£W©:ii:l4&2 3*3«fctf 

[0145] Z<DftW<DWi2 5©IBfc#tti;:ov* 

-CiaSfl-fS. H3 3K*i"J:5t. r©^2 5©Hlfi^ 
ttK*SVvttt, »2 3©KS*»tti:W**GaN*«l 

^-fftfc (1-10 0) #fa©fK®B©?lJ©|?i]|CteE 
L, ^O, U— th'Tx h7^7°3*5C©®ycBW?IJ©ra© 

z&x\ m2 3(ommmmtmf£^. ^©«^, ss^fg 

2 tett««B©Wtt*StWK£*llfcV\i ±15^© 
C©^2 5©*ifi^!SlcJ;n«, mi 
[014 6 ] r <D%W<D%i 2 6 ©HJte^SfCOVN 

^i^e:43v^-C(i, 8S2 3©HJte^ffitra«/j:GaNS«l 
Srfflv^Sds, u— !^*^ h7-C7 B 3^5Fff/ t c-o©{iSffi^ 
(1-100) *-|Ri©^B©?iJSrii?)^ ft*ojHffii* 
r ©es#B ©?iJ»cK CWfti- S«*B ©W t *©^©fiB 
«B©5Ut©ratcttgL, d>o N u— V* Yy<<-7Z& 
««BOj!l*»e> 5 0 ^mW±f$*lfc#g£a5/£T?, ^ 
2 3©Hlfe^flltll*5. r©»&» *-T««2ttt« 
$B ©^141*^**150 ±|Ea^©wi(4H2 3*5i 
^l©HH^fi8t^«-Cifo-5©'C, KMSr*l»f 6. 

r©^2 sommmzMt, mi<Dmnrmt®igi 

[0 14 7] ftJC, r©%BJ©®2 7©^^^COV^ 
Tt5i0J-rs. 0 3 5 ic^-T J; 5 tw, w©gf2 7©HffiB 

(1-100) *iai©«ttB©Ma»feliHxfcffi*fcSi 
0, tt*o*BB* I w©««B©wtii:< , BI«-fSfl*B 
^^^©^©^BwyiJtroWl-ffifiL-^ 
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*^«2fcttfH«B©*]ttl#a*:ft5. ±IE£W© 

Ioi4 8] ftic, z.<d&wv>w>2 8 ©njg^ngico^ 

TttWl-a. 0 3 6f4r©&2 8 ©Hifi^ffiJC jo^Tffl 
V>-5G a Ng&l £^-f 5 PB0-C&5„ C.©GaNS1£ 
lf4, SljBAiGaNO (11-2 0) *|«3lC«*«t 2 

i oosasjgigfcisv^-cfflv^GBNiaii tBiai-e*) 

5, r©#6\ £^B#2fc:f4SB*£B©?IJl42*£*;H 

[0149] Ei3 6(d^-r<t?(^ r<D02 Qo%mm 

4 73 K:¥tf ft-»o*iB^ 6 ©SMfcB ©?ij t 
f,©S <'*MW©$UsicB <DM t ©K©M«c©4»ifcf+i£»c:ffi 
±fBW^©rttt^2 3*5±U5Sgl©H«6^1i 
iPitfcSOt, KWSrWtt-t*. r©g&2 8©HJ6 20 

So 

[0 15 0] 2ktC % Cl©$§9!©$2 9 ©H^ffJCol^ 
TIftHJ-rS. 0 3 7l4r©&2 9<OM1&Mm\ZtS^XR 

HnS-eCM*(tT*5. fcfc'U GaNllSlliR 

S, AE*fcliMffi^©tj©T?fco-ct)J;v^ r©G 

a N© (1 - 1 0 0) *|p](C^{C56&-f-5^Bd5 30 
(1-100) jjfokfflt-tZ <1 l-20)-#fl|C« 

*tf4 0 0 „ m|BIHT?fflJII!W»cE5UU-CV^5. fcfc'U 
(1-100) (11-20) ^r[Rli:SrAn#x. 

[0151] r©^2 Q <n>mmWMKH^x\±. 1113 8 
Jc*1-.t ^ fc, u— !f * h 9 W 7" 3 i:Wi-»©«Si 
tfflWB U'-if* h 7*3 r ©^ 

W£3*l5. r©»3\ *HH*2fctt«*B©Httf& 
9TWtc-&*ix<cv\ ±K«*orfctt«l©j«toBttJ: 40 
|5I*T*)*©-C. ttW«r*»i"5. r©^2 9©^5Ki^ 
ttK-fcttff, ^i©Hlfe^litl3«l*ipJ^Sr#5ri*s 

[0 15 2] ftlc, r©^©^3 0©Ht6^toV> 
XWLWtZ, El 3 9»c^i-i r©^3 0©HJ6^ 
»|C*JV^TH:, *2 9©2t»»**ra«*GaN»Sl 

%2$<r>%WmtWtZ>. z<om 
3\ * : HI«2K:H:«*BOWH:SlEKW^*n4v>. 50 
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±IS£W©r£l4S&2 9*iJ:tMBio*«0»fflli:BI*-e 

tvtf, ^l©H!6SlitP«*fiJ^Sr#5Ct^-C§ 

*5 0 

[0 15 3] ftlC r©^0J©^3 1 ©HJS^JCO^ 
TtMJi-5. 04 0(c^i-J;5»-^ r©$3 1©0&5§^ 
IBfcfcVvCtt. B2 9©Hi6)glit^^GaNStSl 

</ ^-ftl t>ffii$, B ©RU ("tfcfi U a»o, U-1f* 1*7^7" 
3 ©SI#B ©WoiHWof^iSlcffiflM - * «fc 5 
*^«ttfi2*SB£*ix5/ST, ®2 9©HiS^f$i&ft 
5. r©i§£\ ^^«2^tt^«B©WttHHWl^ 
**lftV\ ±fB^©ri»4f[l2 9fcJ:tf8Sl©Jlife^ 
«8tl^«-Cfc5©-C, «WJ«:«IW5. r©«3l©3l 

[oi 5 4] ftic, r©^^©®3 2©Httsffi*ISt;:oi> 
H4 l 5 fc, I©i3 2Wll« 

»C:l8V*Ttt, *2 9©SI*»tti:|BI«{4GaNa«l 

®#(B*i§9, <lfc*©«gS^r©««cB©5iJtii:ci»g5 
rs^Bt^wftro^BfcwPflicftttu a>o, u 

— »f* h7-f^3*«««B*»fe5 0 /i m^±iin^{afi 
£iI-5£-C, S^9 0$ittfflB£j|fc£. r©«£\ ^ 
^-®J|c2{Cfi^«B»41^*n5. ±l3W^©rttt 
SS2 9jaJ:t«Biol61lBB*i:iai*i?*)S©-C» UiBJ^ 

r©&3 2(Dmmmm^xtni. minmrn 
t mmm&*'&i> z. t ipx-z 5. 

[0 15 5] ftld, r©^BJ©^3 3©HiS^ffi^Ol/> 
Tl»BJi-6o 04 2 KtjW «fc 5 ^©^3 3©^^ 
ffijC*5V\Ttt, ^ 2 9 ©Hlfi^jit.ra«>iG a NStS 1 . 

««BA»fe«ixfctteS:ii»)» te*oiBffia^o««B 
titC8t»i-4«*B i *©&©£& B t©ffilct£S 

A»o N h7-f ys^^B^lb 5 0 /xmtl 

±Slti^fiSrii5^T?, JB2 9 0Sltt^ffij:A^5. 
r©^, * : F«*2^f4«*B«)?i]H:l***n*. 

±12^^© r. t rim 2 9 jo j; i (ommmm t mmx 

[0 15 6] ft Id, r.©35$©3?3 4©Hlfi}^flglCOV» 

TKWi-s. 04 3 1*;:©$ 3 4<DmmMtet&\,^xm 

^5Ga N£1S 1 iTp-tW-lSWiX'hZo ^©GaNS^S 
1 14, ®«B^G a N© (11-20) ^^m^i 2 
0 0/«mWIS-C^»l«JfcR?iJL-CV^rtS:ISfeV^-C, $ 
2 9©H;6teH2ftlc:}o^TJ8^fcG a NStgl bfflWiX'fo 
5„ r©»^, *^««2ttt*«BOjaB2*^*lX 
5. 

[0 15 7] 04 3lC^i-45ld, r©$3 4©Hi6S^ 
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[oi5 8] iw±, z.<D&w<Dmi&rm\z.^TMcfr#) 

[0 15 9] GaRiiv ±a©**««jc*j^-canrt'fcft 
fit, S«, IGW, :/n-fe*fci?H:*><*-efcWlc 

[0 16 0] Afcttfctt, -km<»mMM®\zio 
l/>-H4, C©38WSrSCH*jg<DGaN^^«cu— f 

(4, #]x.(4x DH (Double Heterostructure) 1#jt©G 

<, £lbta4GaN^FET J ?>GaN^rnj£3v<-f 
^-7b7V^^ (HBT) 7i^<Og{t:^I I I - 

[0 16 1] ±i*©|fBttB»fc*5^T, GaNS 

©-efco-Cb<fcl/\, 
[0 16 2] tft. ±»©SeK»t»C*JV^Ttt, GaN 
&¥&#e©l&S£MOCVDife£ffl^'0*5;!>\ Ga 30 

+ ^ft*fcl4/>7-r K^^f^^rv'-YyUfiJc* (HV 
PE) -^T-i&^t- (MB E) ffift £'©<i!l©i& 

[0 16 3] £ib£, ±»©H;&6^fi£*3^-CI4, MO 
C V DftlC J: t) jfcft£ff 5 no** V T jJX t LTH, 

Ttt, *BKJ:0#ig»*ffi*JBrtLT^a#, #SS 40 
SS&EI40iJ;il4R I EOi 94 Ky^^y^^/lcit)^ 

[0 16 4] 

[38W©$S] «±K9iLfcJ:5K:, roaWKift 

1 1 1 -vmit&va^mfc®. hzwt*m#m. 
^«#a<o«-^-*>p>ft2>sds, mcm% \ i i -vi<k 
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*)5VS±*^F«JSS:3KfilSi-6SlflS«3Rl I I - VM^ 

[01] ^©ISWro*l©|tafc»i8t33^TfflV*SGa 
N««**-rt*aia «fc UWrSB T*fc 5. 
[0 2] w©3§W©fSl ©HiteJKffi£feV>Tffl^5Ga 

[0 3] r©3BK©®l©HtfeJK«Hc*5V*TfflV*5Ga 
N*«©*«B ©ififitlc Jolt *Ctt*«©^©-«Sr 
^-tH&i&0-e#>5„ 

[04] r©»Wo»l©jOtoBIBi:©Jttt«l«:ttW-t- 
5fcJ6©»fffi0-efe5. 

[0 5] r©*M<o«io*»»«i:©tt;«WSr»Wi- 
5fc«>©#rffi0-Cfo5o 

[0 6] r©?gW©SSl OH»JBf|IK:*iV*TfflV*5Ga 
[0 7] r©$PJ©SfSl ©HJg^ffilC&^TG a Ngjg 

[08] ro*W©»l©ltl6JB«lcJ:*GaN*** 
[09] n©38W«*iolM6®»£J:*GaN*** 

[010] ■£©»H«^l©SS*»ttfcJ:5G a-N36¥ 

[011] r©36K©mi©Ht£^1i£J;5GaN^ 

u— 5 fc *©WS0 Vh i> 0 
[012] r©»WOfB2©SI«»tl£i3V*TfflV*5G 
a NS«Sr*-r»f®0t?*>5. 

[013] r©38W©JB2©»«Jgtt£*JV*TGaNS 
«±£G a N***ft:«*rrilft**fcttlB*:*i-WfiBH 

[014] w©5l^©^3©Hlfe^£*JV>-CGaNS 
[015] r«)38W©JB40SBK»tt£*iV*TGaNS 

[016] z<nmw<nWi5<n%m&mztd^xf%^Z>G 

a NStSSr^-f»fffi0T'fc5„ 

[017] CO^B^<Otf5c0^^fi^*JV>-CG a Nl 
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dais] ^(Dmmome^mm^m^^xGaum 

T'fcSo 

1019] rcO^BJ©^6WH^^JC*3^TGaNS 

{02 0] £©*W©*7©0O6$lifc:fcl^Tfli^SG 

[02 1] r<O^KO®7©*ifi^litC*i^TfflV^G 
aNS«W|5!ji*feSrUiBJ1-5fc*roBfffi0-efc5 o 10 

[02 2] ro*W©*8©*lto»litJ3^-CfflV^SG 
a N£;&£*-f-»Tffi0-efc3„ 

[02 3] r©»M©*90iat»l8»C*JV^TfflV^6G 
a NSffifc^-f »fffi0-Cfc5o 

[0 2 4] 0©«fc»|R|t*SV^-CfflV^ 
G a NK«©S3e#ffi*RE-*Sfc»©»iBH-e*>5. 
[02 5] r©38W©»i oro*lfcjg«^*sv^Tfflv^5 

G a NStgWlSiJg*)*^tft?«1-5fc*CD»rffi0T-fo5„ 

[02 6] oromSJKffii^v^Tfflvs 
GaNa*<&IM#SfcRW+Sfci!>©»ffiB|-e*>5. 20 

[027] :o«Bofi 10HJfe^ffit*JV>-CfflV>5 
G a Ngtg£^1-¥ffi0-C$>5„ 

[02 8] ^©J8WO*2 l©SUt»ttliJ:5GaN* 
^igfls: u— if 8t«:I&IJI1-.5 fc«>©¥®0-Cfc 

5. 

[02 9] ro35M©»2 2©S616»l8lC±«GaN* 
5. 

[03 0] ^©«Mo«2 3©IOt»t»::±5GaN3R 

^flcix-^o«at*»*rKWi T afc*«D 3 i E iiria"c* 30 

[03 1] r©»W©*2 3 0Sta6»li»Cj:5GaN» 
[03 2] Z<D&W<D%i2 4<DmMBWHC£ZG aNl 

5. 

[03 3] r©3§f§©!&2 5©HMBS{~«tSGaN^ 
5. *40 
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[034] r©?8w©^2 6<omv&mm\z.xi>G&N^ 

So 

[03 5] w0380.0>»2 7 0XlftgK£J:£GaN3R 
So 

[03 6] r©»W©fB2 8©jUSJgll»CJ:5GaN3R 
S 0 

[03 7] £©*lfl©»2 9©HSSJgJ$l££SGaN& 
»f©$Ut;fr&&RWrSfc«>©¥BQ0T;fc 



[03 8] 

So 

[03 9] 

S. 

[04 0] 



Z<D%W<Dm2 9©2SJfi^fil;: < fcSGaN& 

■y©»jfi*»Sr»W1-*fc«>©¥iBBI-ea!> 

r©^B^©^3 O0$lfeffi?tt£J:SG aNl 
£©3BW0>*3 lWfllfiJfiMilCiSG aN& 

1f©»J6*«fe*KW1-*fc»{>©¥iiiHT»aS) 



[04 1] 3 2©H8MilCj;SGaN3fc 

So 

[04 2] r©$PJ!©&3 3©^JfiJ^«g|eiJ;5G a N3fc 

So 

[04 3] w©^BJ©^3 4©Hifi^lC < t5GaN^ 
U-'©®ijt*jfeSriJiWi-5fc«)©¥ffii0-Cfe 

[f?^©fftW] ■ - 

1 • • • G a Ng&, 2 • • • SS^tfu 3 • • ■ V— 
if* h7<Y7\ 5 • • • niG a N/<y7ri, 6 • • 

• nlA IGaN^y Kl> 7 • • • nlG a NJfc^t 
ttA, 8 • • 9 • • • TVK-^I nGaN 

*flSW±», 10- • • plAlGaN^y?'!, 1 
1 • • • pSG a NUtm&M. 12- • -pSAlGa 
Nfy-yVm, 13 - • 'plGaNay^ hg N l 
4 • • • y y v 5 , 1 5 , 1 8 • • • f&M& 1 6 • • • 
nim 17 • • • pflttff 
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